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1. INTRODUCTION

This manual is divided into two parts. Section constituted the user

section, describing the overall flow of the codes, input data requirements,

and parameter relations. At the end of the section, a series of sample

problems is given to illustrate the use of the codes. The sample problems

exercise all parts of the A-STAR codes and serves as a check case for the

installation of the codes on a gtven machine. The problems are arranged La

Increasing computational complexity. Section 3 provides r. detailed

description of all codes and subroutines. The user need not refer to SectLion

3 or to the analysis in Volume I of this report to successfully install and

execute the programs on a particular computer system.

1.1 Formulation and Method of Solution

A detailed description of the theoretical formulation forming the basis

of the A-STAR programs is given in Volume I. The analysis is based on the

solution of the generalized electric-field integral equation (EFIE) for all

the BOT configurations treated with the method of moments (MMd technicue. The

unknown currents on the surface of the body and the antennas are expanded in a

series of expansion functions appropriate to each of the major partu of the

BOT configuration: the BOT surf&ce, the caps, the wire radiators, the

junction, and the edge transition regions on the body. The formulation ailows

the effect of some or all of these components to be treated. The resulting

analysis and implementing computer programs provide a unified treatment of a

broad class of radiation/scattering problems asbociated with radiators on

asymmetric surfaces.

1.2 Program Features

A partial synopsis of salient features and options of the A-STAR codes is
given below:

Flexible body geometrr - The algorithm can treat a finite-length BOT of any

asymmetric cross section. The B0 can be open or closed (i.e., capped). The

Ims caps are assumed to be planar and perpendicular to the axis of translat'-on of

[A
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the DOT. Degenerate forms of a BOT configuration can also be analyzed with

this algorithm nuch as flat plates, parabolic and sqware cylinders, and disks

(circular or noncircular).

Arbitrary aperture antenna placement and excitation - The algorithm treats

single or multipl'2 rectangular aperture (slot) aatennas embedded in the BOT

surface. Location of the antennae can be. anywhere on the 1OT except the

caps. Spacing between adjacent apertures can be electrically small. All

apertures can be asymmetric.

ArbiLrary off-surface (wire) antenna placemert and excitation - A wide variety

of wire antenna configurations such as monopoles and loops, both active and

passive, can be treated with these codes. The antennas can be anywhere on or

near the BOT surface. (Location of an antenna on the caps is excluded.) The

user can specify the use of a special junction representati.on for the antenna

attachment points on the SOT, which Is of special importance in the treatment

of parasitic elements.

Surface currents - The algorithm out, tts the surface currents on the BOT

suiface in spatial and modal form. Both the magnitude and the phase of the t-

and z-directed components are given.

Choice of polarIzation and radiation planes - The radiated fields aM4 the

power gain, normalized to an isotropic radiator, are given in the user-

specified play for 8 and * polarization.

Arbitrary choice of sam ling points for near fields - The electric and

magnetic fields (six components in all) resulting from currents induced by

antennas on a general BOT or induced by incident fields are computed at us~r-

specified points in the vicinity oi the BOT surface.

User-oriented programa features - The programs are liberally interspersed with

comment statements referring to Volumes I and II. The codes are modular, and

• •error checking is provided for the user at critical steps in the computation

sequence. The input data requirements are minimired. All inputs are printed

out for user verification.

2



Sample problems - The unique features of the algorithm are demonstrated with

sample problems in Section 2.6. The problems have been test!:d and compared

with corresponding results using other methods and available experimental

data.

As in all mathematical and numerical modeling, caution must be exercised

in applying the analysis to certain cases where there are abrupt

discontinuities in the BOT surface and at resonance conditions. To achieve

sufficient accuracy, a large number of modes and surface (triangle) expansion

functions may be necessary for these problems.

iI
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2. USXR SECTION

The A-STAR computex kUode are written Lu FORTRAN IV, conslting of s.x

impedance gen,.ration programs (i.e., BOTZSS, BOTZSW, BOTZWV, BOTZS, BOTZCC,

and BOTZCW), two matrix inversion programs (i.e., BOTINY and BOTINVA), four EM

signature prediction codes (i.e., BOTAC, BOTRA, BOTSCM, and BOTSCB), and one

utility program (BOTSEG) as shown in Figure 1. All of the programs have user-

oriented inputs, which can be generated easily for a givan problem. It,

addition, binary files are generated for the impedance matrices and the

inverted matrices by several of the programs. Example& demonstrating the ¶
input data and output from each of the. programs are discussed in the sample

problems (Sea'.ion 2.6).

2.1 Implementation of Cosyuter Codes

All of the A-STAR computer codes are writcen in USA Standard FORTRAN IV,

with the exception of end-of-file (EOF) checks in programs BOTI•i., BOTINVA,

BOTAC, BOTRA, BOTSCM, and BOTSCB. The EuF checks given in the code listings

in Volume III are specific to the compilkr used in the program development

(i.e., CDC CYBER 175 system). The functioning of the EOF checks in tha

present listings is as follows;

IF EOF(u) a, b

u - unit number to check.

a - statement label to branch to if an EOP is encountered.

b - statement label to branch to if an EOF is not encountered.

The device unit numbering convention is as follows:

unit number 5 - card reader

unit number 6 - line printer

unit number 7 - binary output file. Each of the six impedance-generating

,.:es creates a new binary output file on unit number 7 for storing

impedance matrices. The two inversion codes create a new binary output

file on unit number 7 for storing the new inverted system matrix (see

Figure 1).

unit number 1 - binary input file. Each of the four EM signature codes

reads the inverted system matrix from unit number 1. The BOTINVA

4
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inversion code reads the old inverted system matrix from unit number

1. The BOTINV inversion code reads the BOT-BOT impedance matrix fromI

Sunit number 1 (see Figure 1).

unit number 2 - binary input file, which is read by the BOTINVA code. It

should contain the BOT-wire impedance matrix when wires are being added

to the old system matrix, and the BOT-cap impedance matrix when caps

are being added.

unit number 3 - binary ivput file, which is read by the BOTINVA code.

It should contain the cap-wire impedane.e matrix If caps and wires are

contained in the new system matrix.

unit number 4 - binary input file, which ib read by the BOTINVA code. It

should contain the wire-wire impedance matrix when wires are being

.! added to the old system matrix, and the cap-cap impedance m:.trix when

caps are being added.

iI

I
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User Specified Inputs

Body geometry: BOTSEG

* BOT segmentation

* Open/closed ,caos)

* Transition term option

4 Wire antennas (active/pbssive) User Specified Outputs

"* Junctions i

"* Slot antennas - cl,.oice of polarization Antenna coupling analysis: BOTACI
A

a Wire antennas

Calculation of EM interaction of SO.T configuration * Slot antennas

0 Generation of impedance matrices .

BOT ZSS Calculation of radiation patterns: BOTRA
for BOT BOT ZSC ,

IUBOT ZCC 0 Principal polarization/planes

rOT ZSW 0 Sloý lntennas

for BOT-wiro BOT ZWV 4 Wire antennas

t6OT ZCW * Current distribution on body

0 Impedance leding 0 Near-field analysis

Calculation of sVsteri matrix inverse: Calculation of bitstetic scattering: BOTSCB
BOTiNV, POTINVA

: Vertical/horizontal polarization

-1Z /zs : zw \ . 0 Arbitrary scattering angles

;'""z�'a . Current distribution on body
ss•ze 1  /z"' i z z* Near-field analysis

.......--- -----
eý Zc ,or ZWS WW Zw4c

\Zcs ' "Zcw • " c•) Calculation of monostatic scattering: BOTSCM

__________________________________ -0 Vertical /horizontal polarization

* Arbitrary scattering angles

Figure 1. Major program blocks of A-STAR.
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z.2 BOTSEG Descri~tica

BOTSEG is a utility program, which can be used to segment the BOT

generating curve using a limited set of dita points (see coordinate geometry

in Figure 2). The required input data and foruats are described below.

READ(5,1)NPTS,NP

1 FORMAT(213)

NPTS - Number of input data points used to describe the BOT

generating curve.

NP - Number of equally spaced BOT generating-curve data points to be

calculated. (The calculated data are used as input to the remaining

BOT programs.)

DO 100 I - 1, NPTS
100 REAI(5,2)XTAB(1),YTAB(I),XC(I),YC(E)
2 FORMAT(4EI0.4)

XTAB(1) - x coordinate of the I-th point on the input curve (meters).

YTAB(I) - y coordinati of the I-th point on the input curve (meters).

XC(I),YC(I) - (metecs) indicate whethar the points [XTAB(I), YTAB(1)]

and [XTAB(I+1),YTAB(J+i)] are connected by a straight-line scgment or

an arc with changing radius. If XC(I) - YC(I) - 0, the segment is

straight. Otherwise, JXC(1),YC(I)] is assumed to be the center of an

arc with the above end-points, where the radius changes linearly with

angle from [XTAB(I),YTAB(I)] to [XTAB(I+1),YTAB(I+1)], subtending the

angle of the triangle formed by the three points. If the three points

are collinear, the direction of the arc is clockwise.

* Exanle: Consider a cylinder with a cross-section given in Figure 2. The

* generating curve for this body can be represented with three points (NPTS - 3)

* as follows:
S0 -0 0 0

3 1 3 0

S4 0 0 0

8BOTSEG is currently dimensioned to handle 100 points on the input curve

ane 83 points on the output curve. The NP data points used to represent the

BOT generating curve determine the location and number of triangle functions

and their derivatives (denoted by arrays T and TP in the codes) used to

discretize the unknown currents on the BOT surface. As an example, Figure 3

7
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shows a portion of a BOT generating curve defined by points ti, t 2 , t 3 .3

ti with the triangle functions centered at t 3 , tS," etc. The triangle

functions span five data points, with adjacent functions overlapping.

2, , Input Data Description and F'rmats

A detailed description of the input data required by a'l A-STAR codes

(except the inversion codes, as described in Section 2.3.8) is given below.

READ statements and formats are listed in the order in which they appear

within the program, followed by a description of the required data.

REAP(5. 1)BK

1 FORMAT(l 5.7)

BK- Wave number for the problem (meters- 1 ).

Arc of radius"a

0 a

o 1 2 3 4

1 Figure 2. Reprentation of a SOT with a cron emotlon
formed by a wedge and amup •m .

t5 t8 t7

N Figure 3. Triange functions on SOT surface.

.,. ,.
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2.3.1 BOT Data Set

This data set is required by all programs.

READ(5,2) NMODE,NSPNBAND
2FORMAT(M33)

2 MODE -Number of nonnegative modes to be considered (i.e., there will

be 2*NMODE - 1 total modes). tt 7.t
NSP - Number of diagonal bands to be used in each Ztt Z ,tzm,ns M,nq

, and Z" submatrix. NSP-1 indicates that only the
mpns M,n

diagonal terms are nonzero in each submatrix; NSP-2 indicates

that only diagnonal and off-diagonal terma are nonzero, etc.

If NSP > (NP-3)/2, each submatrix is full, where NP is

described below.

NBAND - Number of submaLrix diagonal bands to be calculated by

BOTZSS. NBAND-l indicates that only the diagonal Zmn

submatrices ave to be calculated. NBAND-2 iudicates that

diagonal and off-diagonal Zm,n submatrices are to be

calculated, etc. If NBAND ) 2*NMODE-1, the entire ZBOT matrix

is calculated.

READ(I5,3)NP
3 FORMAT(13) I

NP - Number of points used to describe the BOT generating curve. I
(NP mu.st be odd.) If the BOT generating curve is closed (i.e., I
the first and last points coincide), the programs will increase

NP by two and add two points to the generating curve (i.e., the

YB and XB arrays described below). This new tTP should be used

in all definitions involving NP (e.g., dimensions).

READ(5,4) (YB(I), 1-1,NP)

4 FORMAT(10F8.4)

Y8 - Array of y coordinates for the generating curve (meters).

READ(5,5)(XB(I) ,I-1 ,NP)

5 FORMAT(IOF8.4)

XB Array of x coordinates for the generating curve (meters).

9
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READ(5,6)BL

6 FOIRMAT(FA.)

BL - Half length of the BOT (meters).

2.3.2 Cap Data Set

This data set is required by all programs and is used for puttioj end-j

caps on the open BOT (see Figure 4).

7 FORMAT(313)

NC - Number of flat end-caps on the ROT.

NPR - Number of radial points used to describe each cap. (NPR must

be odd.)

NE - Indicates whether or not the ROT/cap t..ansition term is ti be

included. NE-O indicates no transition terms, and NIE * 0

indicates that the BOT/cap transition term should be used.

Transition region
(optional

triangle function
representation)

Patch segmentation on caps
(triangle function representation)

Figure 4. Representation of a capped SOT.

10



If NE 0 0, the programs set NE=NC. This new 1E should be

used in all definitions involving NE (e.g., dimensiors).

If NC=O, the rest of thif data set is ignored.

READ(5,8)XC,YC

8 FORMAT(2F8.4)

XC - x coordinate of the cap center (meters).

YC - y coordinate of the cap center (meters).

READ(5,9)(ZC(I),l-1,NC) j
9 FORMAT(IOF8.4)

ZC - Array of z coordinates for the caps (meters).

RhAD(5,10)(RHOC(I),I-1,NPR)

L 10 FORMAT(1OF8.4)

PHOC - Array of normalized radial coordinates used to describe

the caps.

(04 RHOC(I<R'HOC(I+)q-.)

If NE 40, the following is required.

READ(5,11)(ZE(I),T-l,NC)

11 FORUMAT(10"8.4)

ZE - Array of z coordinates that specifies the starting z location

for the BOT/cap transition term (meters). (-BL(ZE(I)OBL.)

2.3.3 Uire Data Set

This data set is required by all programs.

READ(5,12)NW,NPW,NJ

12 FORMAT(313)

NW - Number of wire antennas on the BOT. Each antenna must be

represented by an odd number of points.

11



NPW - Total number of data points representing all of the wire

antennas on the ROT.

NJ - Number of BOT/wire junction points to be included.

If NW-0, the rest of this data set is Ignored.

RFAD(5,13)(XW(II,I-1,NPW) !

13 FORMAT(10F8.4)

XW - Array of x coordinates for the wires (meters).

READ(5,14)(YW(I) ,Iuk,NPW)

14 FORMAT(IOFB.4)

YW Array of y coordinates for the wires (meters).

it
READ{,15)(ZW(I),I-1,NPW)

15 FORMAT(IOF8.4)

ZW - Array of z coordinates for the wires (meters).

RSAX(5,16)(INDW(I),I-1,NW)

16 FORMAT(1018)

INDW - Array containing the starting index for each antenna in the XW,

"YW, and ZW arrays. INDW(1) is the starting index of the l-th

antenna.

READ(5,17)(RADW(1),I-1,NW)

17 FORHAT(1OFB.4)

RADW - Array containing the radii of the antennas. RADW(I) is the

radius of the I-th antenna (meters).

If NJ-0, the rest of this data set is ignored.

READ(5,18)(INDJW(I),I-1,NJ)

18 FORiMAT(1018)

INDJW - Array containing the wire Lndex for each BOT/wire junction.

Each index must correspond to a wire point which either

"starts or terminates an antenna at the BOT surface.

"12



READ(5,19)(RA9D(l),I-I,NJ)

19 FORMAT(10F8.4.

RADD - Array containing the radius for each junction disk (meters).

READ(5,20)(UXJ(I),I-1,NJ)

20 FORMAT(10F8.4)

READ(5,2-)(UYJ(I),I-1,NJ)

21 FORMAT(10F8.4)

READ(5,22)(UZJ(I),I-I,NJ)

22 FORMAT(IOF8.4)

UXJ,UYJ,UZJ - Arrays containing the x, y, and z components,

respectively, of the normal vector to each junction

disk. The normal vector need not be normalized to

unity.

2.3.4 Aperture Antenna Data Set

This data set is read only by the BOTRA and BOTAC programs ind should be

deleted when running the BOTSCB and BOTSCM programs.

READ(5,23)NSA

23 FORI4AT(13)

NSA - Number of slot antennas on the BOT.

READ(5,24)(iS(K),K=1,NSA)

24 FORMAT(1018)

IS(K) - Triangle function at which slot antenna K is located

(centered).

READ(5,25)(ZO(K),Kf1f,NSA)

25 FORMAT(IOF8.4)

ZO(K) - Starting Z coordinate for antenna K (meters).

READ(5,26)(ZI(K),K-1,NSA)

13



26 FORMAT(lOF8.4)

ZI(K) - Ending Z coordinate for antenna K (mPters).

(ZO(K) < ZI(K) for all K.)

READ(5,27)(EO(K),K-1,NSA)

27 FORMAT(10F8.4)

EO(K)- Constant excitation acrons slot antenna K (E0(K) is complex).

READ(5,28)(TEXC(K),K=l,NSA)

28 FORMAT(10F8.4)

TEXC(K) - Indicates t excitation on slot antenna K when TEXC(K)=1.0.

Set TEXCCK)-0.0 if antenna K is not excited in the t

direction.

READ(5,29)(ZEXC(K),K-I,NSA)

29 FORMAT(10F8.4)

ZEXC(K) - Indicates z exuitation on slot antenna K when ZEXC(K)l-.0.

Set ZEXC(K)-O.O if antenna K is not excited in the z

direction.

2.3.5. Wire/Junction Voltage Data Set

This data set is read only by the BOTRA program and should be deleted

when running the BOTSCB and BOTSCM programs. This data set is ignored if

NW.-0.

READ( 5,30)NWJV

30 FORMAT(13)

NWJV - Number of wire and/or Junction voltage points.

If NWJV - 0, the rest of this data set is ignored.

READ(5,31)(IW(I),I-1,NWJV)

31 FORMAT(1018)

1W - Array containing the NWJV voltage point indices in the wire

voltage array to be fed. The K-th wire triangle is fed if

IW(1)-K. The K-th Junction is fed if IW(1)-(NPW-3*NW)/2 + K.

14
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I
READ(5,32) (LW(), I•1, NJV)

32 FORMAT(IOF8.4)

EW - Array cuntaining the NWJV voltages (complex).

2.3.6 Radiation and Scattering Analysis Data Set

This data set is read by the BOTRA, BOTSCM, and BOTSCB programs.

READ(5,33)NANG,NT,Pt.ilI,THI

33 FORMAT(203,2FS.4)

NANG - Number of fixed radiation or scattering angles, as defined

by MPLANE below. NANG radiation or scattering patterns will

be calculated.

NT - Number of varied radiation or scattering angles, as defined by
IPLANE below.

PHI1 - p angle of incilent wave (degrees). Used only In BOTSCB

program.

THI - 0 angle of incident wave (degrees). Used only in BOTSCB

program.

READ(5,34)(ANG(I),I-1,NANG)

34 QORRAT(10F8.4)

ANG - Array of fixed radiation or scattering angles, as defined by

IPLANE below.

READ(5,35)(IPLANE(I),I-I,NANG)

35 FORMAT(018)

IPLANE - Array indicating whether the corresponding element of array

ANG is a * or 0 ntgle. IPLANE(1)-l indicates that ANG(I)

is a fixed 4 angle. In this case, * is fixed at ANC(1) and

at varies between ANGI(I) and ANG2(I) at NT equally spacid
angles. IPLANE(1)2 indicates that ANG(1) is a fixed e

angle. In this case, 0 is fixed at ANG(I) and $ varies

between ANGI(I) and ANG2(I).

,1 R~EAD(5,36)(ANGI(I),I-l,NANG)
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36 FORMAT(10F8.4)

ANG1 - Array of starting angles (degrees).

READ(5,37)(t.NG2(1),1-l,NANG)

37 FORMAT(IOF8.4)

ANG2 - Array of ending angles (degrees).

2.3.7 Near-Field Analysis Data Set

This data set is read by the BOTRA and BOTSCB programs.

READ(5,38)NTEST

38 FORMAT(13)

NTEST - Number of test points at which near-field radiation or

scattering is to be calculated, NTEST way be set to zero.

Repeat the following NTEST times:

READ(5,39)ZTEST,YTEST,XTEST

39 FORMAT(3F8&4)

ZTEST - z coordinate of the test point (meters).

YTEST - y coordinate of the test point (meters).

XTEST - x coordinate of the test poi.nt (meters).

All of the above user-specified input data are checked for errors by the

A-STAR codes and printed on the line-printer as a given problem is executed.

In addition, the BOT generating curve is plotted on the line-printer as a

visual check of the BOT input geometry (the x and y axes use the same scale

for this plot). The codes BOTAC and BOTRA generate plots of the three
principal views of the input geometry (these plots are not to scale). These

plots can be used to check for errors, e.g., in the wire inputs and near-field

points. Definitions of the symbols used in these plots are given -below:

B - BOT generating curve data point

C - Cap center data point

E - Edge termination data point

J - Junction data point

N - Near-field data point

S - Slot antenna termination point

16
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W - Wire data point

+ - Two or more of the above symbols occupy the same line-printer

position.

2.3.8 BOT Inversion Data Sets

The BOT inversion code (BOTINV) is used when the cystem matrix to be j
inverted contains the open BOT only. The following input data are required:

READ(5, 1)NMODE,NBAND o

FORMAT(213)

NMODE - Number of nonnegative modes to be used for the inversion

(i.e., there will be 2*NMODE-1 total modes).

NBAND - Number of submatrix diagonal bands to be used during the

inversion of ZBOT. NBAND-1 indicates that only the diagonal

Zm,n submatrices are to be used during inversion. NBAND-2

indicates that diagonal and off-diagonal Zmn submatrices are

to be used, etc. If NBAND > 2*NMODE-1, the entire ZBOT matrix

id inverted.

READ(S,2)C•LOAD(I),I-1 ,IR)

2 FORMAT(IOFS.4)

READ(5,3)(LOAD(1),I-NM+l,2*NM)

3 FORMAT(1OF8.4)

LCAD - Array containing the BOT surface impedance loading in the t and

z directions, at each triangle pea& on the BOT. LOAD(1) through

LOAD(N*) contain the t-directed loadings, and LOAD(NM+I) through

LOAD(2*NM) con~ain the z-directed loadings, where NM-(NP-3)/2

is the num'er cf triangle functions on the BOT. LOAD is

a complex array.

When the system matrix to be inverted contains the open BOT with wires

and/or caps included, the BOTINVA code is used. The BOTINVA code car. be used

to perform the following types of system matrix inversion:

17
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1) Caps can be added to a previously inverted system which does not

contain caps.

2) Wires can be added to a previously inverted system which does not

contain wires.

The following data are required by BOTINVA:

READ(5,1)NC,NPR,NE,NW,NPW,NJ

FORMAT(613)

Cither NC or NW must be zero.

NC - Number of end-caps to be added to the system.

NPR - Number of radial points used to describe each cap.

(NPR must be odd).

NE - Indicate3 whether or not the BOT/cap transition term is to be

included. NE-O indicates no transition term, and NE t 0

indicates that the BOT/cap transition term should be used.

NW - Number of wire antennas to be added to the system.

NPW - Total number of data points representing all of the wire

anteunas.

NJ - Number of BOT/wire junction points.

If NC * 0, the following is required:

READ(5,2)(LOAD(I) ,I=1 ,NM)

2 FORMAT(10F8.4)

REAýD(5,3) (LOAD(I),I-NI4+1,2*NM)

3 FORNAT(10F8.4)

LOAD - Array containing the BOT surface impedance loading in the t and

z directions et each trie.ngle peak on the BOT. LOAD(]) through

.JAD(NM) contain the t-directed loadings, and LOAD(NM+l)

through LOAD(2*NM) contain the z-directed loadings, where NM-

(NP-3)/2 if the number of triangle functions on the BOT.

LOAD is a c~mplex array.

18
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2.4 Parameter Selection

4 The choice of most of the parameters in the foregoing sections is

* specified by the user depending upon the explicit requirements of the

Sproblem. For example, NSA is set by the number of slot antennas on the BOT.

Similarly, BK is determined by the frequency at which the MM/BOT analysis is

carried out. On the other hand, the choice of some parameters is based upon

the requirements of the MM/BOT theory, as explained below.

The parameter NMODE is set by the length of the BOTo In general, the

minimum requirement is that NMODE 3 2L/X, where L is the (axial) half-length

of the BOT. This requirement is comparable to the M4/BOR analysis requirement

that the maximum circumferential modes used be n - rD/X, where D is the

largest diameter of the BOR. As a general observation, the accuracy of the a
* analysis increases and the spatial resolution of the surface currents on the

2 BOT is improved as NMODE is increased. This trend is particularly true for

1 the edge currents. However, practical computer main-memory limitations

usually set the upper limit on NMODE.

The parameters NP, NPR, and NPW determine the spacial resolution with

which the BOT generating curve, caps, and wires are described. In general,

the maximum separation between data points should not exceed 0.075), which is

* equivalent to 0.15X between triangle peaks. As a general principle, the

accuracy of the analysis is improved as the separation between data points ia

Sdecreased.

The parameter ZE(C) indicates the z coordinate at which the BOT/cap

I transition triangle function starts on the BOT. In general, ZE(I) should be

located on the order of 0.15A from the end-cen (i.e., ZC(I)).

The parameter RADD(I) specifies the BOr/junction disk radius on the

BOT. In general, RADD(I) should be on the order of 0.15X.

2.5 Program Dimensions

The A-STAR programs (Volume Ill) are currently configured to handle

problems with the following set of parameters. (Some of the arrays are

overdimensioned in the listings.)
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NMODE C 4

NBAND C 2*NMOuE-i

NP 4 19 (17 for a closed generating curve)

NANG < 6
INT 491

NSA C 20

NC 4 2NPR 4 5

NW(2

NPW C 18

NJ < 2

For a different set of input parameters, the minimum dimensions required

for each program are listed below. Table I contains definitions of the

parameters used as the subscripts in the arrays listed in the dimension

statements.

II
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Table 1. DEFINITION OF DIMENSION STATEMENT INDICES

Parameter Definition

KMODE 2*NMODE-1; total number of modes for the

BOT current expansion

LC NC*NM*LR; total number of triangle functions on all end-caps

for one component of current

SLE NE*NM; total number of BOT/cap transition triangle functions

LR (NPR-3)/2; number of radially directed triangle functions on

each cap

LS NP-3

LW (NPW-3*NW)/2; number of triangle functions on the wires

NANG Scattering and radiation analysis data set input

NC Cap data set input

NE Cap data set input V

NJ Wire data set input

NM (NP-3)/2; number of triangle functions on the BOT

NMODE BOT data set input

NP Number of points on the BOT generating curve (input). If the

curve is closed, use (NP+2) in place of NP in all definitions

NPLOT 2*NP+2*NC+NPW+2*NSA+NTEST

- NPR Cap data set input

NPW Wire data set input I
NSA Aperture antenna data set input j
NT Scattering and radiation analysis data set input

NTEST Near-field analysis dsta set input

NW Wire data set input

NWJV Wire/junction voltage data set input

21
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COMMON Statem~ent Minimum Dimensions Contained in HOT Proaras~u

COMMON/BOT2/NP,BL,YB(NP) ,XB(NP) ,YB1(NP-1) ,XB1(NP-1)

COHMON/BOT3/DH(NP-1),SV(NP-1) ,CV(NP-1)

COMMON/BOT5/TC4*NM) ,TPC4*NM) ,TZ(4*NK)

COMMON/WIREI/NPW,XWC(NPW),YW(NPW),ZW(NPW),xW1(NPW-1),YWI(NPW--1),zwl(NPW-1)

COMMON/WIRE2/DI{W(NPW-1) ,DXW(rPW-1) ,DYW(NPW-1) ,DZW(NPW-1)

COMMON/WIRE3/NW, INDW(NW4l) ,RADW(NW)

COMMONI1WIRE4ILWTW(4*LW) ,TPW(4*LW),INDTW(LW)

t..MMONý/JUNC1/INJ, INDJW(NJ) ,RADJ(NJ) ,RADD(NJ)

COMMON/JUNC2/TJ(2*NJ),TPJC2*NJ) ,INDTJ(NJ)

COMMON/JUNC3/X.J(NJ) ,YJ(NJ) ,ZJ(N.J)

COMMON/JUNC4/UXJ (NJ) ,UYJ(NJ) ,UZJ(NJ)

COMMON/JUNC5/UXJ1(NJ) ,UYJ1(NJ) ,UZJ1(NJ)

COMMON/JUNC6/UXJ2(NJ) ,UYJ2(NJ) ,UZJ2(NJ)

COMNON/SLC'TliNSA,IS(NSA) ,ZO(NSA) ,Z1(NSA)

COMMON/SLOT2/EO(NSA) ,TEXC(NSA) 1ZEXC(NSA)

COMMON/(CAPl/NC,XC,YCZC(NC)

CO)I4MON/CAP2/NPR,RHOC(NPR) ,RHOCICNPR-1) 1DPHOCCNPR-1)

COMMON/CAP3/TCR(4*1LR) JTCT(4*LR) ,TPCR(4*LR) ,TprT(4*LR)

COMMON/CAP4/RC(NP) ,RC1(NP-1),AC(NP-1),CPC(NP-1),SPC(NP-1)

COMKON/EDGI/NE,ZE(NE) ,ZBE(2*NE)

COMMON/EDG2/TCE(2*NE) ,T1PCE(2*NE) ,TBE(2*NE) ,TPBE(2*NE)

CC-MMON!IPLOT1/NPLOT,XPLO'.(NPLOT, ,YPLOT(NPLOT) ,ZPLOT(NPLOT) ,ISYM(NPLOT)

BOTZSi Min~.mum Dimensions

COMFLU;. 7(LS*LS),G((NP-1)*NP/2),GB((NP-1)*NP/2)

D;j4rN2'O'0N i'.JGHT(lNM) ,ZWGRiT(NMQ)

AGTZS, ~'--Lr.um Dimensions

BO(EIZWW h a.t Dimension

COMFLFJ( Z(klj)4+NJ)**2)I
COM,.0S/WJRE1/NPW,X(NPW,I')

CO~lhil4,/ A-.*i',/JL(NPW-1)
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COMMON/WIRE3/NW, ENDU(NW41) ,RADW(NW)

COMMON/WIRE4!TWIRECLW,4),TPW(LW,4),UW(NPW-1,3).

COMMOI0JUNCI/NJ ,RADJ(NJ) ,RADD(NJ)1 1
COMMON4/JUNC2/TJUNC(NJ,2) ,TPJ(Nj,2)

COMMON/JUNC3/XJ(NJ, 3, 3),ILJ(NJ, 2)

COMMON/JUNC4/UJ( NJ, 2,3)

COMMONI/JUNC5/llRT( NJ,3)I

DIMENSION lIi'WJW(NJ),INDTJ(NJ),UXJ(NJ),UYJ(NJ),UZJ(NJ)

BOTZSC Minimum Dimensions

COMPLEX ZCLS*(2*LC+LE)),G2((NP-I)*NC*(NP-1)*(NPR-1))

COMPLEX GIE(CNJP-1)*NE*(NP-1)*2),G2E((NP-1*NE*(NP-1)*2)9

BOTZCC Minimum Dimensions

COMPLEX Z(4*LC*LC),GS((NP-1)*CNPR-1))

DIMENSION TWGHT(NM*LR) ,RWGHT(NM*LR) ,EWGHT(NM*NE/NC)

BOTZCW Minimum Dimensions

COMPLEX Z((2ftLC+LE)*CLW+NJ))

BOTINV -linimum Dimensions

COMPLEX Z(.K1),ZI(K2), LOAD(K3)

DDIMZNS5iN WGHT(K3)

DII4ENSfJN NZ(K4)

COMMON \-M,JK(4),LR(K5)

NBAND I <2*NMODE-1 > 2*NHODE-1

KI 0 LS2 * {(2*NMODE-1) {LS*(2*NHODE-1 )12

*(2*NBAIND- )-(NBAND-I)*NBANqDj

K2 LS2  LS2*C2*NMODE-1) LS2

K(3 LS LS LS

K(4 0 2*NM0DE-1 0

K5 LS LS LS*(2*NMODE-1)
23



BOTINVA Minimum Dimensions

The program dimensions depend on the type of matrix inversion being

performed. The four possible types along with the corresponding dimensionu

follow:

1) Addlition of wires to an open BOT

COMPLEX Pl(CLS*KKODE)2 ),Q(LS*1cMODE*(LW+NJ)),RCLS*KMOoDE*CLW.+NJ)).S((LW+NJ)2 ),
YI(max(LS*LS, (LW+NJ)2))

COMPLEX WI(nlax(LS*KMODE,LW+NJ)),W2(LW+NJ)

COMPLEX LQAD(1) i
DIMENSION WOHT(i)

2) Addition of caps to an open BOT

COMPLEX PI((LS*KKODE)2) ,Q(LS*lC4oDE*C2*LC+LE)) ,RCLS*KI4ODE*C2*LC+LE)),

S((*LcLE)),YI(max(LS*LS,(2*LC+LE))

COMPLEX W1(max(LS*K1ODEfr2*LC+LE)) ,W2(2*LC+LE)

COMPLEX LOAD( 2*LC+LE) h

DIMENSION WCHT(2*LC+LE)J

3) Addition of caps to an open BOT with wires

COMPLEX PlC (LS*KKODE+LW+NJ)2) ,QC (LS*KMODE.ILW+ýNJ)*C2*LC+LE)),

R((LS*KMODE+LW+NJ)*(2*LC+LE)) ,S( (2*LC+LE)2),

YI(max(LS*LS, (LW+NJ)2 ,(2*LC+LE)2))

COKPLEX Wl(max(LS*KMO)DE+LW+NJ ,2*LC+LE)) ,W2(2*LC+LE)

COMPLEX LOAD( 2*LC+LE)

DIMENSION WGHT( 2*LC+LE)

4) Addition of wires to a BOT with caps

COMPLEX PI((LS*Kt4ODE+2*LC+LE)2) ,Q( (LS*KMODE+2*LC-,LE)*(LW+NJ)),

R((LS*KMODE+2*LC+LE)*(LW+NJ)) ,S((LW4'Nj)2), I

YI(max(LS*LS, (LW-iNJ)2, (2*LC+ILE)2)

COMPLEX WI (max(LS*KM4ODE+2*LC+LE,LW+NJ)) ,12(LW+NJ)

COMPLEX LOAD(l)

DIMENSION WGHT(1)

BOTAC Minimum Dimensions

COMPLEX Y(MAX(LS*LS, (LW-iNJ)2, C2*LC+LE) 2))

COMPLEX TAB(NSA*NSA) ,ZABCNSA*NSA) ,WAB(NJ*NJ)
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BOTRA Mi5 -num Dimnensions

COMPLEX AI!;(LS),VW(LW+NJ)

COMPLEX CT(N-N,CP(NT)

COMPLEX CB(LS*i,<..')DE) ,CW(LW+NJ) ,CC(2*LC+LE)

COMPLEX Y~maxCLS*L:,C(LW+NJ) 2 ,C2*LC+1LE)2)

COMPLEX RBT(LS) ,RBP(LS ý-RWT(LW4.NJ) ,RWP(LW4-NJ) ,RCT(2*LC+LE) ,RCP(2*LC4-LE)

DIMENSION THR(NT),PHIR(NT) i
DIMENSION ANG(NAŽ4G),IPLANE(NANG),ANGI(NANG),AliG2(NANG)

SUBROUTINE VWIRE

DIMENSION IW(NWJV)

COM-LEX EW(NWJV)

SUBROiUTINE NEARB

COMPLEX GT(NP-1),GZ(NP-1),GIT(NP-l),GIZ(NP-I),FI1T(NP-1)

BOTSCM Minimum Dimensions

COMPLEX STT(NT) ,SPP(NT) ,STP(NT) ,SPT(NT)

COMPLEX CBT(LS) 1CBP(LS) ,CWT(LW+NJ) ,CWP(LW+NJ) ,CCT(2*LC+LE) ,CC.'(2*LC4L.E)

COMPLEX Y(max(LS*LS,(LW-tNJ)2,(2*LC+LE )2)

COMPLEX RBT(NT*LS),RBP(NT*LS),RWT(NT*(LW+NJ)),RWP(NT*(LW+NJ)),

COMPLEX RCT(NT*(2*LC+LE)) ,RCP(NT*(2*LC+LE)

DIMENSION THS(NT),PHISCNT)

DIMENSION A14GCNANG) ,IPLANE(NAI4G) ,ANGl (NANG) ,ANC2(NANG)

BOTSCB Minimu= Dimensions

COMPLEX STTC NT) ,SPP(NT) ,STP(NT) ,SPT(NT)

COMPLEX CBT(LS*KMODE) ,CBP(LS*KMODE) ,CWT(LW+NJ) ,CWP(LW4-NJ) ,CCT(2*LC+LE),

CCP(2*LC+LE)

COMPLEX Y(maxCLS*IS, (LW+Nj)2 ,(2*LC+LE )2 )

IA COMPLEX RBT(LS),RBP(LS),RWT(LW+NJ),RWP(LW.INJ),RCT(2*LC+LE),RCP(2*LC+LE)

DIM4ENSION THSCNT),PHISCNT)

DIMENSION ANG(NANG),IPLANE(NANG),ANCI(NA24G),ANG2(NANG)

SUBROUTINE NEARB,

COM4PLEX GT(NP-l),GZ(NP-1),GIT(NP-1),GIZ(NF-1),H1T(NP-1)
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2.6 Sample Problems

In this section, four sample problems are considered to illustrate the

use of the MM/BOT algorithm. Sampie Problem I exercises all main-line

programs given in Figure 1 for SOTs having aperture (slot) antennas. The I
coordinate generation and specification of antenna location and feed are

demonstrated. The inputs, outputs, and selected intermediate results are

reproduced here in de~ail to provide a check case for the proper functioning

of the codes. Problem 2 demonstrates the radiation aualysis for a inonopole

artenna attached to a BOT. Inclusion of the junction effects exercises the

junction-related parts of the impedance generating routines together with

those for the wire representation of the monopole. The second and third parts
of Problem 2 demonstrate the analysis for two monopoles, onE active and the

other passive, and a loop antenna. In Problem 3, the radiation, near-field,

and coupling aaxalyscs are carried out for an active and pasaive monopole

mounted on the trailing end of an asymmetric wing sectioi. Problem 4 utilizes

the scattering analysis routines for a closed cylindrical body. In this

example, the procedures are demonstrated for ioclusion of the edge transition

region between the caps and the BOT surface.

2.6.1 Problem i: Aperture Antenna on BOT

Consider a right-circular cylinder of 2.761 length and 0.216A radius with
an embedded 0-polarized aperture antenna at -90°. The aperture is fed

uniformly, subtends a 450 opening, and is 2.07A long in the axial direction

(see Figure 5a). For simplicity, consider that the BOT is uncapped. (The

radiation pattern for the capped body is substantially the same as for the

present case.)

00
a) Calculate the power gain pattern- in the horizontal 0•ff , 180°0 plane

and the roll (0 = L90°) planes in the 0 and 0 polarizations.

b) Compute the currents on the cylinder surface.
Solution -- The calculations were carried out at 10 MHz (A - 30 m), using four

modes (NMODE-4) to represent the BOT currents. The cylincer was represented

by NP-17 points around the circumference.

BOTSEG was executed in a time-share mode (Figure 5b) in order to obtain

the BO' geneirating curve. Figure 5c lists the input data used to execute the

programs BOTZSS and BOTRA. For reference, the variables of the data set are
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I

labeled. The aperture coincided with the second triangle function (IS - 2), -

and only one triangle function was used to span the aperture (NSA - 1). If a

nonuniform aperture excitation is desired, then -ore triangle functions should

be used to span the aperture, each with a different E.. BOTINV was executed

using NMODE-4, NBAND-14, and zero surface impedance loading.

Partial outputs from BOTZSS, BOTINV, and BOTRA are shown in Figures 6, 7,

and 8, respectively. The radiation power gain for the slotted cylinder for

the vertical plane normalized to an isotropic radiator is summarized in Figure

8a. (The comparison of these results with the MM/BOR analysis is given in

Figure 8 of Volume I.) Partial output of the currents on the cylinder is j
plotted in Figure 8b.

The foregoing calculations were carried out at 10 MHz. If the dimensions

of the body (BOT) and the antenna are given initially in terms of wavelength,

any convenient frequency can be chosen in the setup procedure for carrying out

the computations. If the data are to be compared with range measurements at a

given fretquency, for ease of data interpretation, the calculations also are

done at that frequency.

yI
K450
I -

< ,, X

Figure 5o. Slotted cylinder for Problem 1.
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Figure 7. Partial output of BOTINV for Problem I (admittance matrices).)
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Figure 8a. Partial output of BOT14A for Problem 1.
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FIijwe 8b. O~utput of BOT currents for Problem 1.
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Figure 8b. Concluded.
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2.6.2 Problem 2: Wire Antenna on BOT

Consider a right-circular cylinder of 1.0) length and 0.075k radius, with

a quarter-wave monopole mounted at the cylinder mid-point. The antenna it I
base-fed.

a) Calculate the power gain pattetns in the horizontal (4 - 0, 180 ) plane

and the roll (6 = * 900) planes in the 6 and 41 polarization. Use a capped BOT

representation for the cylinder, including a junction region, but exclude the

edge region between the caps askd the BOT.

b) Repeat the foregoing calculations with a parasitic quarter-wave mono-

pole added, mid-point between the active element and the end of the cylinder.
c) Repeat the calculations in a) replacing the monopole with a loop, fed

at the midpoint of the cylinder, with an off-set of 0.037N and a total length

of 0.25X.

Solution - The calculations were carried out with I - 0.508 m, ueing four

modes (NMODE-4) to represent the BO0 currents. The cylinder was represented

by NP - 17 points around the circumference. Two end-caps were included (NC -

2) with five points in the radial direction (NPR - 5). Figures 9a-9c list the

input data, including wire coordinates, for cases 2a-2c, respectively.

The three problems were solved by first executing the programs BOTZSS, ,

BOTZSC, and BOTZCC using the data file in Figure 9a (see Figures 10-11 a,- 13-

15 for partial outputs). The open ROT system matrix was generated by

executing BOTINV with THODE - 4. NBAND - 14. and zero surface loading (see

Figure 12 for a partial output). The closed BOT system matrix was generaced

by executing BOTINVA with NC - 2, NPR - 5, NE = 0, NW - 0, NPW - 0, NJ - 0,

and zero surface loading (see Figure 16 for a partial output). Next, the wire

impedance matrices for cases 2a-2c were generated by executing BOTZSW, BOTZCW,

and BOTZWW using the data 'Iles listed in Figures 9a-9c, respectively (see

Figures 17-20, 23-25, and 28-30 for partial output). The system matrix for

the closed BOT with wires is obtained by executing BOTINVA tor each case. The

parameters for case 2a are NC - 0, NPR - 0, NE - 0, NW - 1, NPW - 9, and NJ -

I (see Figure 21 for a partial output). The parameters for case 2b are NC -

0, NPR - 0, NE - 0, NW - 2, NPW - 18, and NJ - 2 (see Figure 26 for a partial

output). The parameters for case 2c are NC - 0, NPR - 0, NE - 0, NW - 1, NPW

13, NJ - 2 (see Figure 31 for partial outpt). Once the system matrix for
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the closed BOT with wires is obtained, the final results are calculated by

executing BOTRA with the appropriate data fite from Figures 9a-9c (see Figures

22, 27, and 32 for partial output). In each case, the first junction point is

fed. The index of this point in the wire/junction voltage array is (NPW-

3*NW)/2+1.
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. 0000 ,:e00 -5000 .7500 1.0000 RHOC

.0361 ,0381 .0381 0381 uJdl .0381 .0381 0381 0381 xW

.0381 .054U *0698 :0857 :1016 :1176 .1334 .149• .1651 YW

.0000 .1000 .0000 .000 .0000 .0000 .0000 .0000 .0000 zw
I INDWWiedtst

4, .0011 RAOWWiedtse
I INDJW

.0450 RADD
•0000 uxJ

1.0000 U/iJ
.0000 UZJ

0 NSA
S4 Wire/junction voltage data set

1.0000 .O00u
4 37

90.0 0OU -90.0 90.0
00 0 0, -90.0 Radiation angle

180.0 180.0 180.0 90.00 NTEST

Figure 9a. Input data for execution of Problem 2a.
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I

17• 200 14 l~ 60 9 1035 2 eOjdL 03? S :0269 .014b e90 00 - *0146 BO)T ata set
-:012,9 -go 54d -. 031081 -. 0352 -:0e-64 -0146 ,0000
ogg 0 :00029J .0 12 .0235 Ojai8 O0521 ,0050 *0133 0162 .0/331

•06 0 UiVS2 .0381 .0235 U01le .0021 -0000

* 0381 0000 0 Cap data set

2,18002" ,*00 *5000 .7'300 lOUOO

it o.^1 :38J :8381 *Ojai. 0o 8 o4 e ,o830
:08 e U 0698 aOs .10)b :1|73 :1434• *19 *11651 381.o~

0 405 0,0696 0857 ,1016 .11r ,1334 9l2 0 1651
:0 •t .?000oo oooo oooo oooo0 :0000 oooo0 oooo0 1,7

•1 0 1 270 *1270 ,l etg 21 7 =1270 o1270
a0.] Wire data set

*001 900.

17

-.026; -.035 .0~ 8 .32 -l~~-04 00

• 0000 .0000
1.0000 1 0000

00000 ,0000
SNSA

7 •-Wire=/junction voltage dlotss t
1 60000 .0000 .

3 331

9Q* 00V8 -9. *0 000
WIr d1t 1et

00000 .00 00 0 0 Radiation angles
18000 180.0 18000 90J0

0 NTEST

Figure 9b. Input ddt for execution of Problem 2b.
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01729411E+02
4 ?0 14

.fl0OU .*14• .0269 .0352 .U.dI .0352 .0269 o0146 .0000 -1" OTdataset
-. 0269 -. 03 * -. 0381 -. 035P -UO69 -0014b *0000

.0000 o002Y &0112 .0235 .1.081 .0521 .0650 .0733 .0762 .0733

.0650 032o .0381 o0235 .011" .0021 iODOO0

25 0
.0381 ,*000U Cap data set
.2540 -.2ý40 

J
0 ,250 .000 .7500 1.0000

.038l .0381 .0381 .0381 .0381 .0381 .0381 .0381 .0381 .0381
*0381 *038A :0381
.0381 .0475 .0570 .0570 .0to:u ,0570 .0570 .0570 .0170 ,UbrO
.0570 .Uotl .0381
.0000 *0000 .0000 .0159 oilb .0476 *0635 0794 .0954 01111
.1270 .1210 .127C 0 Wire data set

.04•0 0410

.:0000 o0000
1.0000 1.00004 0000 . O(eO0
0 NSA
1 6 Wire/junction voltage date set
1.0000 .0000
"4 3.0 0ou -90.0 90.0

000 1*0 0,0 900 Radiation angles

180.0 lUO.0 180.0 9 0 ,00
0 NTFST

Figure 9c. Input data for execution of Problem 2c.
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UK

NOD *N09 T NBANO NP
dl 20 146 17

0.000o ,U1•6 .0269 .0352 .0351 .035e .02b9 .0145 0.0000 -. 0148
-. 0269 -. 035, -. 0381 -. 0352 -. 0b29 -. 0145 0.0000

.%d
Oc0O01 .00ZV .0 12 *0235 Sj0l4 .0527 *Obso .0733 .0712 .0733

.0650 .52F *081 *023S .lIe .00 9 000000

d0OY COORDINATEb. * INDICATES TRIANGLt OEAK--..------ --- .- - - - -- - -- ------. ....,.........,. .. . .,. ....... ...........

0 6
.0M9

• 03236
•030S

.0?06

.01

:0 48
-. 0 33

-.009b

,00 9

-. 0362

.40075 *078

"fALF-LENGTH' OF bU0.74

bOT GENERATING CURVE IS CLO$EO. NP A 19

dOT GENERATING CURVE HAS 4FR SEG1MLNIAIION

Figure 10. Output of SOT input data for Pir~ablu 2a-2c.
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Ma 0 No U

NO•IBER OF INTEGHATION$, ANO 4VEqAGE NUMBECR OF PUINTS PER 14I1EGRAT10N (SELF AND NON-SELF TEIRMS RESPECTIVELY1
1 65.0 151 17.1

i SIT) - SiT)
.g41 -6.653 e 4 ~ ~ -k~ -.1237 *43S2 -.1766 042S9.," -. I:• *.1.•,,o 1 .16 ' E-O1 1.116 "'1237 ."36""-237 .41 JE -- 37

9 842 . 3j5 *194 O 1.61 y . 23 .1 E OL 1.116 .1231 f#38z

E-0 I38 -. 172 k Vit-162 2.3 *1521E-01 1.1611812.3

".|2-1 .. 17 "766 Iedy4 -. 1237 .4336". 2•l ? :3 a2 L524E-01 1.1, 94 .23S o1943 -,6.64,9 .1842 2o235:I 4E-01 6.g, 7 ZA2,-04
"8142 Z.i"3S °IS21E-01 1.110 -:123f *4382

:13E0 ,,*426 6l2EO -9| ,.123?• e431O -12 3 0 2,-0 31616
,15P*•01 i~lb ° 8•24E -0 ,, rk3

Figure 11. Partial output of OOTZSS for Problems 2a-2c (Z"•).
0.0

:] ~~~~~~~~~ ........... +-+ ... -• -i-
2 ,

-- --_"__"_""A' -• •,T , ', " .... '" . • *" "•' "" " ; " " • ;+• t'I.•
•• , • , " . - . " " •" . • . . • - 3" " " " ' " W ,1 - a •' . • -



NP NMOVE -YdAND NMODE and NOANO are user specified
19 4 14

T AND Z bURFACt IMPEDANCE LOADIN6 (CUM9PLEX)

0 00 0.0000 A 000 000 000 000
.:03 :OOOO8000 8000D 0. 00U) e0

.:00 o.OU0 8:09 0:888 8:8000 8 8 a* 8 80 0 0.0000 0 .0 00 00000 0.0000 } Sterface loadings are -ser spec tfied

8:888 0 0:888 0:000 0:0080 0:0800 8:88 000 000000000

TilE MINIMum aOtINY AIARAY DIMENSIONS ý0.f THlIS PiOUlLE14 AR~E AS F06LOWS:

z 21 LOA04-OGH
T  

HIL L-4

1254% 256 16 0 Ili?

FUJLL 14ATIX1~ 4YLRSIUN

An. .3 N. -3

.5 0 -0 5.6. *3S44 - 2 -.3d 6 7I21E.01 .230k -. 175SE-02 *27?9E-01 *.?2IJEOZ? -. 6435

:02 *:19E0 :17 2 4~0 4 AL6 1 44 -. i :-
-. 804Y t76E0 .?362 -1-0-0 ZTZOE-0

35402 -.305 :io I. .3544E-02 -.3856 *1721E-09 .2361

-0 *2ME8 :316 ~ ~ S1462E-02 -.6474 *354*t-02 -.3965

11 :0 A 5 02 219E :4 j 6~8 .1 *544-02 -.2386 i544L-0? -.6456

8 362-0 z :3 02 -~41 1 8 17--2.3Z OS6-2-3

- S.175 1ZE- :I -0 .4 1 -. 175SE-OL .2729E-01 .I2-D *3b

",4b8, 4 -448, -~~ :ji : 1 ::ý!E.oa -.Z2Z9E-0e -.4336 *.IISSE1-02 .27M-E01

Figure 12. Partial output of BOTINV lor Problems 2a-2c WyStt



NC NPR 4E
b 0

CAP xc YC ZC ZE

0*00Q00 ,deso ,5000 ,7500 1,0000

Figur1 13. Output of cap input dats for Problems 2a.2c.
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N.JMdVR 0; I4
T
IG"AI1U45 A'd0 'otost -JUMdLt.I0F POINTS QER INTEGRAl JON

259Ž .3. 0

.4 100i .'utO BýU -0 1 ,5 0 -*4 7,J-Q j -I :OI -. 176441*1 -. t ?011Ot-e*.6ef5C-u2 -. S1681-02 -.4309E-02
?O~:?-.69281-02 -.1213 01 1 -.l~bt0 -. 55 -S02 -.24151-oa

.16 beI -.e4I015 .40W. Oj7 .S644E-0 -41 0Ž-.24?7 -0 *.1270-Q1 -.;762E-:1 -.70051-02 -.6224E-02
412 -.voj0 -0j1 -.6240- :471 -O17 , .It70L:8 T I .176e It ?601

-. ''' ': 1 Z* 9 1 of2
MI, :g i6E- 1 -. 0 ~: -. 1 ' rk .' E -olI .869V-clI -.6162E-02 -.24751-Ot

0Ž~ ~ ~~O :.3o ~-7 1C -02 d,41 I.b 8Ž .V111-o0 -. a3 -0 4S1o .,S-h '0LO 8010
-0 5 :U2 -2431n-0 -. 71?) -0 101d a ~ .R t0 -: -.-.E01 -.4!1ab-CiŽ -.241E0 .6 3-1 .15991-01

120E0 :-1- -:-0 'Ld[-2:A : - L4 :::?iE ::
-S.1. 1 -:61, -g -T e2 1( - . a -i . 3 -.SM' 011 -c -.4304E-02 -. 17 31S -Qi -.6924E-02@ 1 c t

7 5 7-02 -. 1 13U.-2114N21t -0 01?E.lI -. 255E-023.54YE-c2 I-.I2Ž02--3
-.:'1 ŽIa:81 -S?:;[ I 9'9: 1 -:61 0 1 61T: -4 71j :1j . 12621-:ý 0 :1 -175 -01 :7221E-02 -#24Ž801-0

:: - E 36 TE 04: - 201-0 1 2-.4E5-01 1740E101

-0 -.:tS -0 .:D 1' 11 - *1$3151 .:1 12821.01 -.17571-01 :36711:: -.2721E-01
b ih:8j AMf~E~ I 8EE t:~4~ itU~ 2-:iM i- 17271'E02 -.42851-02 .1281:01I -. 17801-01

::4iIE9f E:?EI U 18~1 ::1711,E I1 -i3A*1l ::IljE§ .b 10 -. 5 ,4*-02 .7221LO02 -.42801-02
0 1 S CIII

-j -'~~o .~ .;o .~2~0 0 .,i .3wtg -.87851-03 *-.15661-14 -33tt

.151E-0 -. 02E0 .396E-0 -.G'I *O

.4 to 4 I -. '4h*a .a3*E1-01 -.30241-01 .15221-01 -.20251-01
976 - Sig9- .3 * 211I -.51671-14 .6379E-01 -.39191-01

.19 902- ~ -i.149t-

.2- -~:'fffS :0. 20?2 1~ 7 Esf10 -. 5Ž 10 32021-01*134 -I".i -: I3 1~: - -.18914-01 .20321-01 -.43191-01 .2025E-01
4iI~ .9 9~§ la p~Ei : - .1953E14i -.2762E-16 -.39641-02 .8776C-0211,1 -:11 j :0j 4W :Ži :1- .C
Sub f-I, .641-1 A 9810 .3.1¶0 .145- .05-0 : V5u10 *81 0 .3411 14 914 -

0~ct~~: .04.21-01 .25-1-0 321-01 SbOOE026t GT&9E-0Z

:: i.7:ut .8-11 .7:1715 '53-01 .?3015-01
.4 £ fb!1 - . I n, -111 :t 0 E-.454514 S-01 -. 30191-01 *Ž1l .5 01 4

: 0 -1 .8- 0 1
S6j9 :1 g0  :, -U:~ .. .. :So, :14.441it :g :I8 I-~.: :~ j :101 1~ W: 1 :4:4*J1:1 205-t-5010 .793

Hgur6 14. ata upto OZCf~Polm .c



E~ill -.w f4QE-3 -:1 109E:31 -:Ph,1E-O2 -.309&E:02 -.3828E-OJ -.Z94SE-03 0. -.8236E-16
.3N4~ -03 .2V.3E 3 .2 64 -02 U. 60o-i .269E-42 .1709E-01
.?9E -02 Y* I ~ 10 .941 SE-6 .6b901-1I -. ?VE1- : -08 -7bOEL02 -.3090E-OZ -.3920E-03 -.294)1E-03

-.3928E-03 -. 945 -03 .?2571-1k -.llbfl-1c :4329285E:03 .294SE-03
-: ~~99 .9- ~S ~ :~~: 25I11E- .6904E-15 -.02'91-02 -.1711E-01

-. U98 - 96 -6 .39 -03 . V45 -03 .2 64 - .30 6~ - 2 U?649E-02 .1709E-01 l1683E-IS .?Z161-15

:80 -: 94 2760E ~.j4- ~6- .70- 2 - 6,~j - 024211 *.309F-026 2739E-20 .2943E-031ICt

~3-44: * -. 91 0-23* ~ :.311O 419-3 *?416*2511
-:9 2 ~ ' - . 131 -01 -0 -,8.Y8EQ 24E .2304E-02 .306E3-02

-0 94 -,Z9:42E-1 6~ -.19561-06 .3920E-03 -.29601-032 sct
.1169 -8 BO-- 9 01 -: I -S 33 - .S - .20-2-1310

1569I ~-13 .4 :10 7 6 *J:31 _. I I R -: .89 ~ .149II-16 *3 76 .S915-0 .2-*43 16 -.2343316-0 3

01-02 - 13 :1O :J -02 -IE900 -. 9SEO 24 W 0 ..6 I-03E-09

% -3 -69-o 6 jy -. 6110 -966-6 401.433 -0 0 .4&iI - .737S02 2 .8301102 -.1633[(01
*4 '9J .31 :~ _:., II
I~4~ -0~I:~ ~S us gF4 E-[: .321-36 -.7-1 -.7904&E-13 .4670E-03

-,O-0 -:6JE0 :8~ ~ 65 -:0 2 : ::196 - -:4:: .1 1 905-.437-02 -.1031E-02 .13766-02
SS ~ I T S : ? ::11 - .. 511E0 -.4059E-03 *14111E-02 -.10)21-02

-.4~l~i :4S H i *6WSb ý1 -. 2970E=02 .'q; E 811-2-437-2 *2210 . 10

OP~ .163E_0 ::28 ~ :6,,$I -. 97 -02 ?E1 . 0E-3-47E0-.1HFO v! a0 a 41 02 2. 0 0
z 0 .3'6Z.0 -.304 4: :4b. I ~ 4 -.30461-02 .6563E-02 -.2974E-02 .372201-0

124 1 -:1 0 3 . 19 -:J -6.9 4 -:600 4112 402002 -:4. ::di: - : 0-:10 a 1k - 6:0~ -.29721-02 *72201-02 -.304SE-02 .4656f-0?ZSP

9.224- : 8 7 0 . 4 - . 4I 5 .:0 -g -.4376 -2 -1-0E02 .75E
93 :4 ZUSE-01~ -. 0SE0 .34I -0 5 03-0

3.9~2 171 0 .4 :0 :69 .76
. 149 -00j -.:1,011 0? .55 8) -0 1900 - 02 264 .30 1- .:141E-02 -. 40037E-02 -. 29126-01 -. 194E01-0

0 a 1 bb 0 . 1 :0 19'E0 -0S@-0 -.e1-C -* n'-0
-02:vs -.8 44u 2 t -9 Dl :1 :i :0 -. 3247-01 .166SX-01 -. 8301-02 .3996E-02

-:IS 16.0,~~~: :S S :~ . I -.2497?E-0 -.3?220-02 -.304&E-02 .39961-07Zcz
26E01 -.37U?00k , 2 3 4U0 .44 1: 6 : 00 -.42161-02 -.63121-02 -.24911-02 -.37601-02

f0.84- 2-.4,- a: 00 !.47j:S3 .:.Sj; j .. 2393E-02 -.7120E-02 -. 4221E-02 -.46761-02

.9JO2 .72 -0?2 *51-0 c39 -02 : - .220? -01 .1068-0 -01L-2 .39E

Figur 140oldd



'4.M~afq Of INFLOxMAIONS A40IO AERAGE 'd~E rP)~ E NEAI u i, 4E~ lA
72 7.0 0 V0dRO ONSPRItGAJNF- EFI

Z CMI CITk

*lI -3 * 2J IE-0 -.63SI-04 * 33, -0 -. 37 6-0 * 06 - -. 001 -OS 156*3 3:3 -g 1 013

-a . 46 :03
* -0 *3 IO:f0 13118 ::.1: 0 1:04i: St 1 -26 '1L
*0 .04 j§. 36 .116 69.05S -..1'33 -6 -. ? OE-94 -.2 57E-03 SJ? -04 -.33231-03 -.31T6E106 3 -03

. 0215 0 :14651Of .:1171E-02 -.2010 .6215E-03 .76SS-1 .93-4 *5)-0
-.96 [3 * 00-01 -.130 02 .U10 -. 106E-u3 06610 -. ?t0 31 .3373O

.13-04 is51-03 .3073 -04 .Z4b E-03 -.16 IL-05 -.5166E-00 I -0E -b.2-.t303 04 -. 33 7-Z r:83: 0J :S:?j.91001-04 .5b2bE-OI .62161E-03 .16S01-01 .1L176t -02 -. 2609 .8I51-09 .6S9~ -01
.2 56 * 0j . O-6 ~ - 7 -4-530

-:1 !100 §2 *:i§ -9610 .06-) .fhEQ 36E-01 -.,2051-0J .:?6 -01 .11771E-02 -2610

: o 16 0'1 3 3 ?3f
02-1p;: Gast-8 -.J'qj599 :1V1)4j1 s -:501[3: -1 : 333 j:8I1~:8

-. 78S0 -. 376O -.16195 -s -.5133 - * .O J -o& zi .33 3 * -: 3 -044 - 6? -03
69 -05 -. 1531-0

03 j6b-0 .16061-01 -:loo3 o .13 :0j-U66-0 *j 1*061-0k .2911-. .)6-0
0.4,:g -:~2E 911-.371 -0: .47-3-1 I -:A .16 -0v4? -4 . 0 41in P . .X .?91810 .6210 .j~60J:S :16061-01 -j9~.i *1~1g .?~: 

6 t
-. 3~ .01 . 37j I- - . 442 -013 -0' -.S2 6 1-0* . -3 .

.16 2 S ! -0 43 .7 69[0 -.!g P 12 0 :, .3011 - T3bt 0 : 3 - 36EO Zct
0A Sb,?E-0 - 01694 1:j0EQ ):Z0-0 13b

9 -0 * 36 -0 1 5 -. 1 - 03 .16062-31 -. L3 t00 ' .2' * 3 -03 69133-06 0 .35 -ct

163 41 Z 47-0 . 9 461E-03 .3073t-04 .23611-000-37:" 0-.16bE04-0- -. 1331-06 -.53718-04 -.2610
-. ~~3 .2 -3761-§
40, 4 b' :S?- -:1T8 ' 1:1-A 6d8 -S4 8 -.Ic>t-2 . - ::6It1:8 .61012 .6- -. 203L 6? 3 *d- [3 -0131118

-. 6 -4- o 319 E-04 .236b11:03 .43131-u .3356? -03 .4013-105 .:133E1-03 -. 377O1105 -.51661E-03:4: -:U .J 1-8 g10 E-0 .911a-u'W .31-1-~.E8 160 -. ilb6- ~~
-0 -36-3 b-2 .5 4 -4 4 - 0? - .776-0481 .2 -3 .*9 - '3 .s 637 1 -0 V * S .65-0-0

.374 14 t,- j0 -. 69,1E-OS 2 r-.633-u .3031E-0' .:336?1:-03 :3073E-0' .33-03 -30716 S-04 .236?1-03

45I 0 5~~i A~E:O2 -. :6157f:042 11:453 611:03:1 Ad.0.33731-04 .23 ?;03 -. 1-0 061 _4? :i :o . :1:1.8" S-~ .61 -0 .1 1 -0 .2S 11 1- 0 3

:3 4g 4 t : 1237 1.04-321-3 -6.3073L1-04 A.'5'-3 -7 96 :84 - : . 3353-06 *.3073F-084 * 2307-03
* 63-0 14730 * 01-1-4091-0S5-. V1:04 -06 * :49g6[0 .10-1 - .9 0 04 11R

-. ~ ~ ~ ~ ~ ~ ~ ~ ~ 0 6461 :81 -j.98-S 621 6i~-i 09 0 1~ .62915t03 6:8

-0 * 1 3i011 -. 9)64 -03 a16061-01 *29111j-04 * 5536 -06 .82141-03 :26367 03 .%1377-04 :3380

-03 ' ot 1 11 2 .3710
1 §" 4 j 53- 34 -:5 3J:0 31 91'006F 1357 -.031 4 0 0 .f%0:8 b3 :03 [i .261 .211 04 121:8

-01.V -Kt3 -13 .1:319M -.0~- - 3 -:4jb 16213t:

:11063Pgjr 16.6 Part-al output o1,36f BOTZCC3 forl Prblm '11-2c

---------------------------------



3181r _:4013 -14 45EOi:M* i,2S6E-003:4478 a J6EO 9E0 eEi

.49 :03 *5 lAt -02 -.84341-16 ..0U80-1. .40*9E-03 -. 5e2.1-0 2 by15103 .44851-02 .36641-03 *

:.t319:15 .54ftC-1. S :-90 16E-C1.:3A E

.-04 61I2-034:9F8 'fE8 :rllS :24 :4 a: j4 a :6 0. %: IIE4 j:u
-a25 1:03 1:4;8:)2 -40541-13 .56081-0e -.6669E-6 !)411

4
: 6% 0. *.%qfl-0? .5?56t-3 .'i1. -c 8w '1*ei :~.-3667[-063 -.t'50 "9051. tr -:?!9 f:.061i4 NEqIl . .:Q . -. 60 -J1 6

-.36641-U3 1.24931"'O2 -. Z527E-03 -.4485H-2 -. 4049k-03 .5b?4E02 -. 961 17 -j 431SE -14 .4049E-33 -. fl*1-*
.57C3 .AS-02 *36b4 1-3 _:Ill31-02 .201 -S .57631-1 I' - Sjll 4 f496-0 -1 791-4-.f2EO:12 14 .940 j 4-O -275E1 8 -1 Ibti .110 .9016- 4 * i a' t

-'.22-3 .1210 851
.5.7?t .e 14i -366?El3 - 249K-02 -. ý2566-U3 -. '476E-02 -. *0%1-04 S560BE-02 .27461-6 .26 1

:- :16 0, =-t- 45ji3 -*1 04 -a - 144 1 -1413 %W2*1371.14u - 3 ~ : fl9 iS -:.1t *34 *- :il4: 9026:0 04 e -6 4
-04 b 4

*46 4 293 -9? .2432'IS "9113 -.3664E-03 24½4- *5396 3 1 02 L *524-9

* 4 - 4 ~ 8 ' - 179 -0 -1 2-0.90 6 . 4- .19 1? *22 - 4 * 6 - #A
:1661-6 :29C-2 .li-8.75 4.*7 c .*5-0 .26-3-4710
P .13 4471C-0 -. :3 61:.3 24ý-.696 i 61-04.1Yt0*P 3

1  - :2 S t 4 Y 10 .blf-3
-eG 7:7511 -3 69 .481f4 .'~~-0 0 122 3 flL

*~~U - I76 .. i~0 -.163-I

::3 9.-a -0 :': ?-n ":f :84. 4 .6 -h-. - ..2443E 2 ~:2tZ:0~~~EO *.00 - .0e 532-19 -. 8401-I4 1110 9110 1910 272-0 *lf -0* .9 70
1 -6 A5 :4 -1:SJ-1 .4440 L403  .2t A4*2 .13UI R' =:9 58, 3i4  -. ~~-t-.4 13

A9.8 9- So . 12 7 :0-1214E-04 -. 902b1-04 -. nYL-aa .1ZIPE-03 .1399E-04 :.89061-04 -.17911-0 .12?E-

w ~ -4- 04 -1796[ -04 - q.1i S0 .112.0 -9110 .76 U-.*at0 9110
* 0 17 3 -04 4 * :2 O *, 17-4 .0950 1- 4 [? 1 :791- 6 :? .'85''7 31 039j . 9312,J.
- . ~ 4 9 t 9 3 5 6: ' 2 6.1 9 1 -0 4 1 1 1 . : 093 .s 5 6 2 4- 0 6 d ? : 3 - 4 5 : j A j s ) ;

44~~-I 1 99M4E M 4 ~ -06 . 906E04~ :17d: 0 A'- 661v -. 1
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!9 Figur .14J 15. Continued
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MODEN ' 4 C NPw NE NW NPW

4 19 0 U 0 0 0

O4DE NO. UF AUDITIONS% CAPS WIRES
0 0

NEW ADOITIoNb: NCI NPRI NEI NWl NPWI NJI I User-specified input for adding caps
2 5 0 0 0 0 }

CAPS ADDED 1O MATRIX

T AND Z SURFACL IMPEDANCE LOADING (CU40LEA)

0,8882 8:0000 8:888 0.0000 80000 0.0000 0.0000 0.0000 0.00000.00008 8O0088, 800.0000 0,80000 O0,O00su soOO0

S. Surface Ioadings are user spec'ied
0.0000 0.0090 0.0000 0.0000 0.,g000 8.0000 0.0000 0.0000 0.0000 0.0000
0.0000 00..000.00000 0.0000 0.000

NE.W y MATHI PAHAMETERS$ 0 .0

NMODE NP NC NPHN NW NPW
4 19 5 0 0

M00E NO. UF AODITIOP.St CAPS WIRES
4 0

"MINI PROGRAM DIMENRSIONS IRE AS FOAU4W*II

12544 3564 3584 1024 It~d s a

CAP IMPEDANCE ADDED

CL .134&E-02 -. 64b3 .340SE-02 -. 3913 ,16Z9E-02 *22 *.1759E-a0 ,|5SSE-01 -.ZISIE-02 -. 4416.179E92 * i °6E-l 129-02 .229
9 :1E09-0 :9 : 19 :0 f .1651E.02 2Z269 -7•159E-02 1SISE-Ot

S. -.0 -0 -o 1  .16 E
! -. o .. k 43 -0- .340,E-02 -.3913 .1629E-01 .2249

9 E-0 E-o -0. 1316E-::2 -.6*61 .340SE-02 -.3913:0 ?- m1, m :1"
""41E0 :IW9 :101E-02 .2269 *340SE-02 -.3913

* Figure :a~4 1 P ou t o a -.1 7 59Eas -02 *15 .1624E-02 #a2493

4 ::2 :3~ IS- : E-01 -.21b9E.-02 -.4441 -.1759E-92 .1Ssc-01

Figure 16. Partial output of BOTiNVA for Problems 2a-2c when caps are added to the system matrix.



'Al WINw NJ
'A1 9 1

0WIQE CDOADINAtEt- JUNCTI3N PARAMETERS

-IRE I RlAO"-.01 1. xW Ira Z 1.1 QAOAO Jki Uyi Uzi~
: *331 .0 98I 0:0000 1 .0450 0.0000 1.0000 0.0000

0381 .U,40 0:000

. 03 j .097 0.8 00

5 .93. 11 'o 0.0
. 03b :i6 0.30000I.0S 0.0000

.031 .1651 0.90000

Figure 17s. Output of wire input date for Problem 2a.

.100 CJO-IJIIIfEý-JU .IT 11 PAWA'4tIERS 1
V100 1 WIA04-G .0.11 1. A . £ 113 4A3Lu 33 Ui UziJ

A001 .Uo 0.UOO 1 U.,G~ U.0 000 1.01000' 0,0000
.03b1 .340.t 0o~.30

3 U 11 .46 W .ij Oou
4. .L'iel .0 " if0.0000
5 .0381 .101b 0.000.
P. :0301 :1115 0.0000

4 :03SI .1115 0.10000

.100 k AU-- .0011 0 .31 .61 000

30ftl .01.31 17 .0450 V.0000) 1.0000 0.0000

1 *030 U" 0 .1 210
3 .03.1 .06S7 .'e70

514 :0381 :1016 daa orPoblm2b

1. .~' 01 1 .Iot 4

0 13 ?

wWIH cJO.(!1N4ATF .J..Nct13'4 PAWAMtTEIR5
1. ow T. 'i C 1j H A au jxj IYJ Uzi

..I,4 I A1 j.. .0031 .0361 V.0351 0.U0000 I U.so. 0.300V 1.U000 0.0000.0361 .0 b 0. u000
3 03lbi U~fo 0.0000

.0U301 o,0 . 1
1'~~~ .udl .010.1

.1~~ :0003

a13 . 0161 uo3ti *i400 1 .0850 0.0000 1.0000 0.90060

It
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r

II

3eO 17564 2.9ts0 36de 2.L43 46,142.980 36b.3 3.030 -755*ý 2.980 U36e3 ww2o843 46s13 2.980 3bte 3.020 -756.4
SJUNC - WIRE

1.519 366.6e 4 6 419b2 ZIw
.44084 7e d 9 J

I WIRE - JUNC
1.519 360.6 1.486 4•.Se 1.404 7,829 z%'J

£ JUNC - JUNC
1o254 -374*2 ziJ

Figure 13. Partial output of 6OTZWW for Problem 2a.
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'45 -3

rUIMOER OF INIEONAIIUNS A4D AvERAGt NUMdLN OF FI~UNTb PER INTEGRAl juh (61I AND ut". RESPECTIVELY)

4SIT) - CIR1

:145E-IS .2111-15 ý096F -2.:644L.01 .1z)34E-01 .S35S5s~
04. SE:I *2016'1 53280F0 2 2E1' -.1104E--01 -:.&,9E -:13-2E-01 -. 11 -:6826C102 -.213erC-01
1'04U 5 2 8 26 0 13 bE- 01  .7810 .11)U. ~ ~ ~ b .15E-S . 61 Qaf 1 .131u .8041- -.1215E-01 -.2Z61571E-01 .7.12 .080

-:27-16 *125SE115 *7448E-U;? .1683-0 a .z21IS-ul .26571-01

L 5(21 - utIRE
1.273 -.le.AE-01 2.817 -. votet-02 1.273 -.124,61-0 .3511 -.18261-01 .16.5 -..2353E-01
.279 -.2!)63E-01 .164's -. 3!)-1 slt -.I18241-01

..Me~s -.19981-l .,0 .1JE-01WU .3623 -. IQY9AE-01 .1227 -. ?456E-01 .5494L-01 -. 2859E-1-Oh W
,' I L-01 '~3UJO8 .$494E-01 .c'FO 122? :.?A566rQ o
too8 2J911/- .16,34 -.2439-01 .1088 -2t,&-0 .4P431-01I -. 90SE-01 .1I6951S-01I -. 31.44-O

.1166E-01 -.Jt2'E-01 *¶891*S-01 -. 3141-4E01 .-&2.31-ul -.29M5-01

.11439E-02 .4be4 -.78u*: 08 -. I1*oLE:1? .,83yf.02 .4ý824 -.7599E-02 -.j$ -.5lb68t02 -.t%36EtP. 2

.7109E-1J .lb34L1- .516 -A02 .543J1-01 .599L-02 .CRhi

L 5(j)6- JUNC
.94 -.0083E-02 .5376 -. AýdE-0d .i5*8 -.78831-02 .4(61 -.1105E-01 ..057 -.1369E-01 sz

.17b9E-01 -.14-98E-01 ,t037 -.13881-01 WO67 -.11051-01 -

Figure 19. Partial output of 3OTZSW for Problem 2N.
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6I7k0 ::-d*,-J:- 1-~- ~-- -:0* 160E-0

.690 F "2 .:142E-Di 80L4-o .4I-01 17131-u? .168U1-01 sobE-a- 0E-14 -.7713L-02 -.168K-01

.oq54t-(j2 *1647E-011.60 VO1 E -001 1241144L 1 .IQ61 Itt-Oc 114 4 ?E -00 1 - 371 8 E- -.I u2iE-1'. -. 00 16E-u? - 447E.01
.106111J I.2106E0
-.1010-0 Sg.1 , '0' 1o 8237E02E1 -. dft 1E-:.1031L-U? -:1409F0 .:10041-:01 132- :.M0 2310 161.220E-' -::6904E:.32!15O -. 11'dfl-01 -.10n'1 1 -F)31E -01 .7U31E-04 -.1409 -0 .69041-15 -~7-14
M1311-012 .140 E 01 .10040-01 .1j32E-C01 .6237t-02 .1181E-01 .22001-14 -.S021E-15 -.82371-02 .18 o

-.ln84E-01 -.1032E-01 
18 D

.1'713 WIE- -. lbbE6-02 -. 3743E-02 - UE-01 -. 2773L-02 -. 7166E-02 -.,'165E-03 -.21610-03 .2210 .25-0

73:2: I I -. _21660-03 :.216 L 03 .e6?9L-U2 .62bSE-04? -3809E-02 .8 21E-u2 629L 2S0
-.21 65- 03 -. 2167 013

-. ?S860 -0? -. 0681E-0? -. 3839E-02 -9e2bE-Ue -.e8861-02 -.64611.02 -. d449E-u.1 -.24800-03 .26?SL-02 .53671-00 cw,
4 00?E 752b[u2- :R? * S 1-a? *,3611E-0 -:e 29E:103 -:e26BO[-03 -.28060-02 -. 6461E-O $ -.339-0 -.921t9j-Oj zCp
-:A 2-6461 -02 -. 9aE 03 -4dQE-03 .267'5102 S56 b 0? *e40 YE-02 .7526 a-S .~ 10 2 53i 7E

-.94E:3 24t000-03
-9 .2 5551E-02 -.3946E-u2 -. 7YbeE-02 -,e9921-02 -.SSSIE-Qe -. 35171-04 -.2309E:03 :2114E:02 -:44 1 01'

.4094E-0I :610~-. ez 2714E: 02 .fa kOE-Oe -. 35171-03 -. 23091 -04 -. 29921. -02 -. 5551105 E.O -. 96- 79ft-
02~~~ -.51LQ, . 17 l03 -?JOVE 03 *27.L- 02 ."110 409#1I -02 . 1401-00 .27946- 2 4410I-'S

0ý% -03 -. 2409L103

z C;1) - JUNC
0. .0 0. 0. 0. 0. 0.

0.0.0 01. : c,
Q. 0.

L c(R) -JUNO
0i 0. 0. 0. 0. 0. 0. 0. Qi. 0.
0: U: 0. 0. 0. (1. 0. 0. 0. 0. -
0 . 0. 0. 0. 0. 0. 0. 0. 0. U. Zcji
U..

Figure 20. Partial output of BOTZCWV for .'roblem !ia.
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01.0 Y MATRIX PANAMETERS:
NMODE '-0 NC NPH NE NW NPW NJ

4 19 2 . 0 0 0 0

MODE NO. VF AUDITIONS: CAPS WIRES
4 0

NEW AOOITIONS I
'%1NP1I %1 NWI NtýW3I NJi User-specified input for adding the wire

wIRES ADOE., T3 MATRIX

NEW Y MATRIX PANAMETERS,
NMUOE NP NJ NPR NE NE NPW NJ

4 19 5 0 1 9 1

NODE NU. OF ADUITIONSI CAPS WIRES
& 5

MINIMUM PROGMAM DIMENSIONS ARE AS FOLLUOS:
zol 1 R s Vi 01 W2.LOAOLSG'4T

20 6 76 576 16 10•4 144 4

ME -3 No -J

yI
82 2 •24 *3405 -02 -,39LJ .160 ,E-02 .2247 -.1683E-0e .15451-01 .2151t-0Z -.44L9-. 9 * .j61E- 01 4 605O J339 o .

d*IE-O .2269 -1790498 20 . :t0 .165 - .2269 .790
*, 1 [' I C.0 3

9 21 . 34 -. " 'v-O .1683 .J3ZE-t -.3911 *IeiOE-oz .2249S 1 : 9 ;1: 1;3963 :3o 1 IZZSd:8 :~k2E-02 -.6480 *33u1L-OZ -.3910
2 -.4419 -. 1;59- j4-0 .16301 .- 02 .2:Mg .338|E-0- -. 3910 .24.81-02 -. 6450

1312 :U -. 9j 03 .cii -.1?E0 -.6450 ,3E0
"v NRE-01 -c::4B9S ::,41 -:,1?9E-0 , 8E0 ItISIE-0e .2269 .3*oS1-02 -.3913
jjjja -92 1 302 ,B"9

1- 302, 49 -. 1T75O02 ,iESBE-0. 1 -. t1Slt-02 -. 4419 -. 1735E-02 ,IS34E-01 .4755E-03 .2236

Figure 21. Partial output of BOTINVA tor Problem 2& when the wire is added to the capped BOT.
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NJrnE[ Oý SLOT AN'i.NNAS

WIRE VULTAGEb,

WINE INDEX VOLTAGE
6 1.0000 0.0000

NUMBER OF FIXEE ANGLES c 4

NUMBER OF ANGI.Eb PER FIXED ANGLE 3 1/

FIXED ANGLE tODE V•AIA8LE ANGLL. AANGE
0, 90.0 1 0.0 - IBo.0
N 0.0 1 0.0 - 100.0,0-9~0 , - • ,

TlE Y MATRIX3 CONTAR15 THE FOLLOWING AUDI0 5 1os 0 IF NOT INCLUDOED OR CORRESPONDING MODE NUMBER IF PRESET)l

CAPS 4

81 SUGMATRICE'5 READ

TJTAL POWER(O3S -171.82

Figure 22. Portid output or SOTRA for Pr'ihsm 2s.
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POWE14 (DR)

PHI TH4ETA u

90:8 IO 0.0 40

90.0 H0.0
9000 30*0 2.57 -1 47.51
9 00 35.0 2457 -476

9 :0 4.47 4* 3
99.0 !).o p21 - I4a 9(90.0S0 0 .H i48 a90:0 55.0 -' sS

90.0 61 - 49:13

9: ~ 1 so496
9U. 0 a 0 .66 - 9 %

90.0 999-:.8 -~j

9 10 4.6
IWU~ePPOO :0 499 13i ~W ~~ ~



z 4 v.98 WIRE 2 6 46.13 1.7l 1. -1.761 1.697 -1.486

3.00 -Sl. 2.960 36S*3 1.09? -1.486 10?)1 -1.766

3.030 -ý156-.0

?90 360.2 3.020 *1sb.4 1.604 -99323 1.697 -146 ZWW

1.9 146 1.606 -.9323 3.000 -756.4 1!.980 368.2

-140 1.944.6 2.900 368.3 3.030 *fl55.

1:697 .1.406-176 2.643 *.3 2.980 380.2

0

2 .hUNC WIuREA
5 9 3*66 693 -.900?*4 6 ZI.V

IURfJUNC 1.486 41bd 1.4014 7.629 .86693 -.9001 .6010 -.6Z53 zw

-.bel1 -.3345 1.519 366.6 1.086

z JUtC 4fU

Figuro 23. Pmrtial output of BOTZWW for Problem 2b.
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4. -3

NUJMSERAOFNTEGHAIIOHS AID AVERAGE NUMdtR OF' POINTS PER 1I4TEGQArlON (W1 AND 62,, RESPECTIVELY)
306 1.5306 37.2

L S(T-.IE
.1en-py 1 1 .611 .60241-I5 -:IJ271-01 -1.7`10 -.15J'E-01 -. 1355 -.99801-02 -.7669E-01

25115l .211E- 0M15 .4998E01- *7049t -01 .,l34t-01 .3355
-.753: :361 ? S 5 422-14 -.1106*1O -01 .3--9 -.1382E-Oi -.1101 -.88,ME-02 -.2136E-01:4a~kE 1 :jg61 8379 .2!11 13 - .-:*31 4A-:21M- 01 -.121.1-01 -. el-1.48-2-.1839E-f

lmllmi :H.1850 .. 15-0 .26571-011 .746-0
.5 4604501 * 2051-13 .703UE-14 -1.750 -.46Q4t:-01 -.39U1 -.61761-01 -.11&3 -.4009E-01 -3

0. I 1 -.50 - 507- .30191-01 &1 5i6 .6 10
14 S73-16 -1 .J id- 1 M .641-0 .5 -0S? .67E0

E~~3 - 29(o1 287 - .061 4)-0 1.273 ', -. 2E45 084-0.3 1 -. 512413-01 -.316E-0 -. 3052E-01.1 8 .4 t361t@ * 65 -4ii- .1%78 -:4 8210j e I b6 S2
:: .19flL-O : *1 6203?61 :: :30 .63 - 9-0 1 .12 .25101 *,4Eo .2510

Z) -WIRE

2.547 .62631is
3 89 fl :89 -022b:J51 -:. 1 9 69 0 .1310 -.5t51-ol 1494E-0 -.2659E-01

4161 9184 .- 1 :2:9-81 .2144 .3 I 45E- 144 833-2 114 * 09£9 iiT -0 JUC0
9 89-242 -. 804 Z-0 - 1 16-2 -. 96)9jU :.*IZ63.E-01- -.2888-0 -. 1681S-02 -.53014-01

0119-1 13ti .5 :160 :.!'143 -0 .'r996-02 :1919 0 14 .2537 t
1377.541-01 -. N 4 0- .706-01 -.1047 -.2027Thf .14-241

12 :I*4~ -11:8 :JOS;i[. F L- .384 .366j1-01 :30 -.30885-01 -.14729-0E10

31 :8 2 -0:1 O9 1 -. 03 -0o

-.9383:1 -764[S -. 1br:1 -Aid9fQU -. 01819-0 -.28160 -.7401-01 -.74374-01 -

.4210 .14011-0 -.3066E-1 .u01St-01l -.2416-0

F3?gureI 24 Par6a outputl of1 BCTS fo0r 0!o194 .326.

z*t Sil 4..- -

0 :0 1123 3 ' t r, b *6-
:47 9 15E0-IJME::6-10

p'U 4 E0 .41 TI1E0 :096-l:Z1

Fiur 24 Pa~rta oupto OZ o rbe b

ift ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ( 7 gsr a., ~'lj i.~~w -~-.



rrd4 -0-1 - bgI -02-

'i0 eq) -0 WIN
-.97-0S.f 410 .I 01-1 0. .6 E01102 .211842E-01 .193451 -01 .2 4S -15 0 1 .771E-02 .18 -O

.46041-04 -. I606E-01 .677E-15 02..1b4-014 -. 05Q4L-02 -.z6gfl-0j -. bili-0i .,266-01 :80M:021 - :15 0.
-3 02 * E-1* ~-0 .10'016EU -.144M-01 -. 01- 1 21-04E:8 1 -:~ Q1 4 7- . O 606-1 -. 7E 1-0 -.16 -6210

-.9 9 4 -O f 6 % -1 08 4E-0 1 . 227 1 1 ,54- U E -0 1 .6 0 16 E -0 2 .1 4 4 7 E 1 -0 1 3 .1 0 1 1 01 2 1 8 E - 0 1 -. 8 01 6 E -0 2 .- 1 4 4 7 1- 0 1

.3 31-5 .6211-15 -.8237j-u2 -144,101 -.1081E-01 -. 21041-01UI -94-02 :441-4 ::77S 1 -.14E8-1'
.69.1-2 141 0 1014-01 .21841-01 d2?E01-0 .187-0 .432-60 14 211- .Ao16-o -.14*01

-. 1.g-:i-6217Z-14 .1481[14 -.db11t-01 .9L-01 -.3322-01 .18981-01 -.21941-01 OEIzc

38 -.3974E-02 .1849E-01 -.Ii13'E-0e *iiOSt-01 -.3982 -02 .ba -1so -i2 -.135 -1 .39 2E-0?

:j 11?6 -14 .0U:S5 OE8 a. 798162e -.23410 e 656I~ol -.2'999:8- 3 1i51' 01 -.15910O-01
13r;9C-o -.eSw-0 .d01-0 -. 21 -02 -. ~-It 9.6299E-15 2

:,0 1~~ :e01 : 20OE- IA 1 :4igbt:-1 -.2094(-01 .38w 1102d -. 80101 :91I01:02 -:Ip731-0140.8:65
: -.isilc *,"kO ::?t 0 

25 0  If- 1~j:I~~4 2 -.ZE0:1532~ S67
-ssT-oI 8?_S .1585.-0 as 0~10&4- . *8 - -.131 a I -14 064k - ke _187-2

Figure 25. Partial output of 8OTZCW for Problem 2b.
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k#

I,,

OLD Y MArIX• PA4AMETERS,
NMODE NP NC NPH NJ NW NPW Nd

MODE NO. OF AUDITIONS: CAPb WIRES
4 0

NEW ADDITIONS: input for INC0L NPRI •El Nwl NP NJ1 inpt-o
0 0 R 1N8 I Iadding the

0 wires

WIRES ADDED TO MATRIX

NEW Y MATRIX PARAMETERS;
"NMODE NP NC NP" NE NW NPW NJ

4 19 2 b 0 2 18

MOGE NO. OF AUDITIONS: CAPb WIRES

MINIMUM0 , PROGRAM UIMLNSIONS ARE A5 FOLLOWS:
P1 R S 59OUWI

207 1152 1152 6 t Wj44

Figure 26. Partial output of BOTINVA for Problem 2b when wirem or* added to the copped SOT.
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NJMBER OF 510' ANTE1NNAS 0

WIR~E VOLTA6Eb

AIRE INDEX VOLTAGE
7 1.0000 0.0floo

NLjmdER OF FIAEO ANGLES U

NUJMBER OF ANG6.Eb PER( FIXED AN(PLf - 31

FIXED ANGLE (.ODE VdARIABLE AhciLt RANGsL

9 208 :8 1:8:8
000.0 U.

90.0 -91) 0THE-F59 0
IAtE Y MATRIX CONTAN TEFLL6IGAO1IN IFOT NCDD'OCRRSO IGMOENMRIFPE5N1

CAPS 4
WIRES b

81 SUBMATRICEb READ

TOTAL POWERIOB) -18.75

Figure 27. Partial output of BOTRA for Problem 2b.
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P4E(R

PH THT ;------

900 00I09 14s

9000 TeIET 0 0 a9 166

90.0 0.0 729G -1599?
90.0 35.0 -27.01 -623
90.0 10.0 -5.85 -16691u
90.0 15.0 -1.78 -170*9?
90.0 5O40 -3. -16d-92

90.0 .5.00 -264 -16.3e2

990.0 50.0 96 Is.9

L90.0 70.0 -11.18 I57
90.0 11.0 :1 6:52 - l4.li
90:0 .30 0 -52.77
90.0 a90.0102
90.0 90.0 -9.81 -1505

900 10 -470 141:181
90.,0 130.0 -1.58 -14790b
90.0 115.0 -.31 -146.33

0. .0 .86 -1566
90.0 3:0 1.91 :145.06
90.0 130.0 a# -144*53
90.0 135.0 3.63 -144s0f
90.0 140.0 6027 -143.68
90.0 45.0 4,75 -143.36
90.0 150.0 5.08 -143ý
9000t 159,.0 51114

90.0 180.0 4.95

Figure 27. Concluded
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drn-

dIt IE -WIRE 1:92 *4 72w.z .3
* : ý*.5 4: 

:975 .16e

.4 69* 2.b ;21. .02 - 1 3 o1'e .586b0

37 2.82 .91009 .95 .6.-564 . 1.

Me 9 15 21.8317 e.! 5. -j 64 .3

ItJUN 7 WIRE 5 1  . 719 el~9j p

-.94 0 joo :8~j .a44.ji j'

-.1718 ;2189 -. 786 Z~

ItJUNCr .JkNC - 1(63 zi'3

Figurg 2S. Partia output of BOTZWW for Problem 2c.



4- -3

.nJ4jfOENiOF TNTEGNAT1UNS ANU AVERAGE NUMdL.k OF P'JLNTS PER 1NfEGRArIuN (01 AND f.,2 RESPECTIVELY)

d ST) - 01lUE
.8820 1.4%n .POUAE-13 .20llE-13 -.00201 -l.J95 -4Z31?, -. 2337 e.51e2t-01 -.5409E-01
.6277E-15 *ei- S *?b2E-01 b~401E-01 *e3le Z?371

71 1.1o05 .4017 -14 .1te05E-l3 -.5TS' -1.bos -.l741 -.3951 -.4531E-01 -.8h63E-01

-i'. S OE-15 -. G 14E-15 -. 6SbEU .£?.05 .91 .83 .*6-1 . 1 l 0
-? 600A :?I* 1!1.N -. !z9; .E041 -. 97.663-1uu22E

L-21E5 -:f.bV4E-1b -. 4e -0 -. L -01 -. sl? - 883
-t.000 ttU .12356--0 -. tUb ;.9l .41 .950 tc25 a03 *6315t-ul .?U49E-01

-.1506E-14 .-29136-1- -.6375E-0l -.'7'02~E-U'1 -. 4458 -. 2503

Figure 29. Puniul output of 9OTZSW for Problem 2c.
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4 2- :7kE0 ::69:- :U4 4 4lE0 73-U .2 -. 14E0 7L0

-.4210E-03 ~.77A34.Oa -.56'93E-15 .'OeZEO lE- 04 .416-27t33E-0. 462dE-110-2 .loE-01 *447*LE-02 -.70306-C

4 6212_4 0 -V 2 9 361 u 9E 599EO .6 9 .17 1E: 63 * 0t02 .3 -
-.48, 6:U -1 IE -. ý` 2t -,12 -. 02 7.8bEQ ..4O E .4N.NuE-u1 E 19632 -i4t0

.567E-02 6E.:0:2 eJ~Oe- %~

A:S JE 0 .: ,F 0 -: 5 1 : 4 D* 4 7~i * 3 L- ~ . 9 0 - ~ .6 0 6 a 06E:02 .80 726-02
-02 -3 15~t? -: 4706 a -2 or -e b80t- .i1266M-O .342e e -ot 0 .1130L 14 - 67 -14

::452E..02 
3e94E.04 -.473 it-02 *4 42t6-04 -. ZSQEs- oz .12?9E-0 J .1361E-14 -.1883E-14 .32 506-02 -o 279E-03

tj ?3 1f:02 ::4J211:044-.14-b.6i- 0.4*-2.47E
40, 24 ý140:1 -.446r,82 114. -0 b.6464- I. 21 -0 .260s1 r0. 8OT

-.2#V8TE-02 .8U -3 -3668 -2 *i49-ev -.0096-02 .9 3512 -03 *4 11-1bE1 .5091 2 -.915 -03
E-P.b0L02 -.10 1161L -2-14 4.LV-O.b0-0.1341J-O1 .7ý Jb-Os .9) IC'-Oj 36jd'W90

-14 -.1946t -14 -.9116E-02 -.s:a-e .34601-71it-oe :." e4 a .jgE-2 .- 7ZC
.b2426:1!i297 02 -72S4E-02 *dtflE-0d -.7026E-02 .17146-02 -.1ZtlE-lb -. 09-1 .502t-2-160

.7254E-02 .291E-02

Figure 30, Partial output of BOTZCW for Problem 2c.



4'

ULDO Y MAT'RIA -JAHAMETERSS
NMQDE NP NC NP'N NE. NW NPW NJ

MODE NU. UF A0DITIONIS; CAPS WIREb
4 0

14NEW ADDIT IONS; ýUser~specified
00 0 1 13 e the loop

m1RES ADDED TU 1ATRIX

I ~NEW y '4ATHIX PARAWEtERS:
NMUDE- NP Nc NIPN NE Nw 4P W NJ

4 19 . 1 13 2

MM-~ NU. UF AIDDITIONS: CAPS WIRES

MINIMUM PROGHAM L)IMENSIONS ARE AS FOLLUWS:
PI Q 5 Y1 W W29LUAUWGH4T120736 1God~ 1008 49 1U44 144 74

Figure 31. Partif nutput of 60'.:IVA for Prob i2c when the loop is added to the capped BOT.I
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,IJMBER UF SLUI ANTENNAS z U

WIkE VULTAGL-"

wIRE INDEX VOLTAGE
6 1.0000 U.0000

NUMerQ OF FIXED ANGLES 4

NUMBER UF ANULEU PLR F|xEO ANGLE a 31

FIXE(t ANGLE LUOE VARIAdLE ANGLt RANGE.

90.0 1 0.0 - soO.0
0.0 1 0.0 - 110.0 S-90.0 1 0.0 - ldo.090.0 20 •00.0IE Y MATRIX CO-NTAIS THE F *LLWING A001|OONS f 0 IF NOT INCLJDED, OR CUPIRESFUNOING MODE NUMBER IF PRESENT)I

wIRES b

,11 SUBMATWICEý READ

TDTAL POWIER(Ud) -3.74

Figure 32. Partial output of BOTRA for Problem 2c.
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POwER(OB)

PHI THE TA 8

9080 0 -2.39! -148- .

90.0 090 -21.9 :148641
90:0 ýt0 -2008 48Q.99
9O.0 30.0 -|.09 -14d.as
90 0 Q1.0 90 :f8.•

90 ,0 300 - 70 "140*62
90*0 50.0 :1056 :185
90.0 45.N -. 1 -I+8.?5
90*0 Soto0-.16 -148014
9000 55.0 -. 42 -140003
90.0 6U.0 -. 00 -147094
90.0 6500 s43 -147088
9090 70,0 085 -147094

90.0 80O -14?064
90 0 85,0al -147*84 •
90:0 90. 1094 - 47*86
90.0 95.0 2s03 -147901d90 02:06 -:147:990:0 10090 5 o
90. 0 I, 110 .01 -1 0,96
90,0 11500 1,96 -148000

9 o 13•o 0 0 -48:
9 0 W3.0 81

9 1 ,o40o .40 484'3'
'98:O 1501 :1-34866(

90.0 155*0 e43 -148olO
40.0 tbO.O -. 03 t.8
90.0 65,0 -. 57 -138:69:
90.0 110.0 -1.1b 49.01
9000 175.0 1.?a -149,03
90;0 !OOe -?.t# -149,01

*1

S~Figure K.' Concluded. X I
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2.6.3 Problem 3: Wire and Aperture Antennas on Wing Section

Consider an asymmetric wing section shown in Figure 33a. Two

1/8X monopoles are mounted on the trailing edge of the wing surface. The

monopole at the center of the surface is parasitic. The other is active. The

half-length of the wing is 1.38X.

a) Calculate the principal plane radiation potterns for the foregoing

configuration. Calculate the currents on the BOT surface.

b) Compute the electric and magnetic near--fields for the system of

radiators at selected points along a line 1/16X from the wing surface.

c) Calculate the coupling between the two monopoles in this problem. Next

assume that there are three apartuce antennas (polarized along t) on the wing

surface, centered at (tA, ZA) and (tB, zB) and having an axial half-length of

LA and LB, respectively. Compute the coupling between these slots.

Solution - Figures 33b and 33c list the input data for the three problems.

The open BOT system matrix is calculated by executipg BOTZSS and BOTINY. The

wLrep are added to the system matrix by executing BOTZ;;W, BOTZWW, and

BOTINVA. The solution to Problems 3a and 3b is obLaiLed by ceecutring BOTRA

(see Figure 34a-34c for partial outputs). The solution to Problem 3t is

obtained by executing BOTAC (see Figures 35a-35b for partial outputs).

1/8 rXnmonopole at mid-plane element is parasitic

Fig.oif 33a. Asymmetric wing section - Problem j.
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*,2013841E,-Cl
4 20 14

17
;?609 .3101 .3235 *329b .330b .3263 :3180 .3071 28005 eb?6.2•485 ,4ell ,9365 *2363 ,240j .24?B d 209

1:2828 .43 .6780 98730 1.0660 1:2630 1:58 1.6530 1.8480 10"~30

0 00
2 18 z

489 1:8968 1:94551.9943 .040 .091WJ193 2e2380- 1.480
9 .9455 1.994 1.0430 1 .o?16 i140b f2. :89 0 .80

:2805 ,eB0M .2805 .2805 eid0o 2805 1 2805 2905 92680b .2805
.2805 $2805 .2805 ,2A05 i!80t C?20: .2805 O 28050:• .oo Q oo .0oo0 .oo 000 IDQ
15 8 A02 2:?Oo 2:0000 2.1 028 2.r1se 2. 1g21 2:?921 .0000 2.1528:0.9 2.0 5.M 111 528 15:8 •:g• .oo

.0011 .00

.1000 .100
1.0000 1.0000

.0000 .0000

.0000 .0000
01

8
3. 00 8 .000 s5

0.0 4Io.U 180.0 -9o.p 9).ou -90.0

*00 2b2-"1 1 f 1 1 pi dateal It In
000 0 0 0.0 0.018o. .8 18. 10. IWo. ie6

.0500t

Flgurt 13b. Input data for execution of Problems 3& and 3b.
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.2013841E*01
4 20 14
12609 .310V .3235 .3296 .3306 3263 :3180 .3071 .2805 .25?6

.2485 e411 .2365 .2363 .2403 .2478 b209

.2880 .4830 e6790 .8730 1.0680 1.263U 1.4580 1.6530 1.8480 1.6530

1,4580 !*2b30 1.0680 .8730 .61S8 .4830 .2880
0 0 0
2 18 2
1.8480 l.l960 1.9455 1.9943 2.0430 2.0918 2.1405 2. 893 Z.2380 1.84'0

O.R968 1.9455 1.9943 2.0430 2:0915 2. 405 2. 893 2. 380
02805 N28Ob .2805 .2805 ,2d0o , 80 , 1805 .2805 *2805 .2805
.2805 .280b .2805 .2805 .280D .280 .2805 .2805"P.0000 .0000 .0000 .0000 .Uooo .00 .00 .00 .00212

2.15'-'3 2.109280 2.01528 es? 5028f 2o"1~2bo 2:?923 .12s?2 2.ib

.1000 io ~0
1:0000 Is 0 01,0000 1,0000
3 0000 .0000310000 .0000

35
-3.291-3*29J-3.22933:2293 362293 392293 Slotantennainputdata

.0000 0.0000 100000 100000 00000
.0000 0.0000 .0000

1.0000 0.0000 .0000

Flure 33c. Input data for exKcution of Problem 3c.
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jtJ
2011

Yd
:2604 :31011 :323t .329f, .30 :328.3 :3180 .3071 *20 .2150b
*?4145 .241 236! .23b3 .e'0j .2475 .2609

.2060 .40.30 .6760 :8730 l:Ub89 1:R634) 1:4S.OO 1.6S.30 1.84OU 1,6530
I-.~SGO 1.2630 i.0680 .73 0 .613504 6 30 .286 0

dUDV COOR.UINATE'st 4 INDICATES TRIANGLt PEAK

3 .6193
I .6403

44 357

*i 733
* 1OA

I3
9 F~I~iAi 3 1

II

.4 -111
. -. . .-.



WIRE COO408401(0 JU81cOIjm P&RAW(T(OS

1149,6 1 :4 01 ~ ' 280 .000 .10000 I.VOOO 0.90000 0.0000

A asqi 0

WIRE t II*0w. .0011 I I ISI :sl

J49 i1 : 9f : .1000 1.0000 0.0000 0.0000

9

84.48484 OF SV.0
0 

ANT 840$ . 0

WIRE VOLTAGE$

WIRE IND.EX 1. VOLYaff
1.00 0.0000

81.1840( OF FIA10 ANGLES . 6
111.4BER( OF AMILEI, PER4 FZAO ANGLE - 3?

FIXED ANGLE COuE VAR1401E AlIOLL *8ANGE

0.0 0

66 SVIJMARICEG READ

TOTAL POOEROIU1 '61-84

0 0 4 U

0 3 -44..11,L
:,0) 2D0 :9 b .4b. 1'.

0.:0 ;9.0x

0.0 :63 :,,4

1!.41

0: .. 42g ,, I,

NO.0 .0 4.9 4

01:0 6*.0 Fgr 4.Cnldd

8:00

F i u r 3 4 .C n l d d



j 4

4EAP FIELD AMALYSIS

FIot6 COMPONENTS FIELD COMP3dENTS

ZTrSr vTLbT XTEST A I A y

.5000 .z5cb 2.0100 .bsOe-Ol .2n01E-03 .3.3-6 15L-0 .90 7 -04 .Z226E-06

1.0UO .2801 2.0500 .4074t-0l *9Sse-04 .129OL-00 .?Yb?E-06 .1921E-03 .2977E-O0

1.5000 .2802 2.0500 .7?36E-0i .21BE-03 *1b26E*00 .T78SE-06 .226SE-03 .167TE-06

Figure 34b. Partial output of BOTRA for Problem 3b.
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S........ .... .... •.............. ..... ,.... ..... ..... ,.... ..... .. ......... ,......... ,.....:......... ..... ,......

Y:U9gO I
*19 1d
o16j00

I s N N
.9268 ISI.8870 1

.65
1.1•10

S•90

S.3'60

Ii'?)o I

oo 1.19%0

t~m I"

-9900

-- - - - - ------- - -------- - ------- - ------- -------- ---- --- ---- --- --------- 3

945 P(. ,Si JL"TEO

Figure 34c. Partial output of BOTR A for Probarns 3s.3W
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NUMBER OF SLUT ANTENNAS a 3

ANTENNA NO. 1) ZO ZI ý0 TEAC ZExC

4 -3:2293 3:2 93 .0000 0.0000 1.0000 GINO0
-3.?793 3.2ZY3 1.0000 .000 0.0000

3 -3 '293 32 930 000 10000 0 00
THE Y MATRIX CON~TAI;S THE FOLLO; NG AUU111

8
N90 0 1 PNOT4 INCLUOEO. OR 0C6PNR~tPONING V.ODE NUMBTER IF PRESENT):

CAPS 0uIt.S 4

64 SUEMATRICES READ

SLOT-5LOT ANTENNA COUPLING

SLOT A ST B TA4ODZ COUPLING L9EFFS. CC-MPLEx,

1 .389E -C3 .60 -04 .S•2E-0• -. ZBSE2 - C
*.746[-04 -. 39 E-oa -. lE -0o .2oE0-31

1 .82 -0 -:2651 -0i . 46b -0 -. 241 E-03
4e .6?E -03 -. 403E-0d -. 56 -(12 -. 69C0-0O
d :3?2~ -03 ::I oZE-Oe :54R: 04 -.2'e' -0
2 .446 -03 0.~9E-0e gg .0 : Ci
3 .6231-04 -. 69E-0- .0- -. 9 903

,5Nis-03 -:7 SE-OJ 6b•EO -4 04 -O

WIEWIRE ANTENNA C~Ld
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Figure 35a. Partial output of BOTAC for Problem 3c
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Figure 36b. Partis! output of BOTAC for Problem 
3

c.

I

---



2.6.4 Problem 4: Scattering from a Closed Cylinder

Consider a circular closed cylinder of 2.76X length and 0.216A radius.

(The uncapped cylinder of same dimensions is used in sample Problem 1.)

a) Calculate the monostatic (backscatter) cross section of the body for

horizontal (86) and veLtical (00) polarizations as a function of

azimuthal (0) angles.

b) Calculate the bistatic crols section of the body for horizontal and

vertical polarization as a function of 0. Assume the illumination is normal

(i.e., along 0 - 90).

Solution - Figure 36 lists the input data for the two problems. The closed

BOT system matrix is calculated by executing BOTZSC, BOTZCC, and BOTINVA using

the open BOT systems matrix from Problem 1. The solution to Problem 4a is

obtained by executing BOTSCM (see Figure 37 for partial output). The solution

to Problem 4b is obtained by executing BOTSCB (see Figure 38 for partial

output).

4 PO

*II

O.OUJ0 P.o'o -I .. 'ý "i Vt I .. Ouo 5.4mtf '.,1? 1 2 -.O-UJ -?.414M

-4 .flU(JI - .#$hI -).4Ao)f .6 oII - . 0 '. Ou 0~-* 0* .-

I.I nb/l dh O4.(I U0 V 4..-3 j n,.utUc,
a .A U ,

-*1.(60 -14 1 .- UsU Gap C.'3 set with edge term included
0.000 O •U 0.5en,1( Uu. l- . U l.O jvl

J6.460U-4604UOU
0 0 U

.1 v "-V
90. , QL.u. Radiation angles and incident angle

000

Figure 36. Input data for execution of Problems 4a4b.
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Figure 37. Concluded.
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3. SYSTEMS SECTION: DETAILED PROGRAM DESCRIPTIONS

A detailed description of each A-STAR program (Figure 1) is given below,

including a description of the flow diagram, subroutine input/output

arguments, and the special matrix properties used. A description of the

common variables used in the program, along with storage methods used in

certain arrays, is given in Appendix A. A description of subroutines is given

in Section 3.6.

3.1 BOTZSS Program

BOTZSS generates the impeda-cce submatrices Z5s for modes m,n where
mn

0 C, m C NMODE - 1, -m < n < + m. and Im - nj < NBAND. The impedance matrices

are generated in the lower triangular portion of ZBOT (Figure 39). Symmetry

conditions are then applied in BOTINV to till the entire ZBOT matrix. The

structure of the ZBOT matrix is as follows:

Z.l,-i Z.1,0 Z-l,1

ZO,-1 ZO, 1 /-- Generated by/ BOTZSS

where each of the Zs m matrices is comprised if four submacrices as follows:
m,nt

sectt Satz

Z 8s t ZSS,. .rZm,n I m,nZ
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\ n -3 -2 -1 0 2 3mI

Z3,1tt _Y-3 --

-m. --n

-I-

-n, -M1 Vt

0 + .

Z 3,

Generated - ('i Z4

by -- --

BOTZSS N

2

m, • n

z31  z31t Z

_Z_3_1t z__ _

Figure 39. ZBOT matrix symmetries.

Figure 40 shows the flow diagram for BOTZSS. The equation numbers refer

to the analytical expressions in Volume I of this report.

The computation of the Green's function kernel takes advantage nf the

G , w.here t indicates thefact that Gm,n Is sytoetric (i.e., Gm,n - t: n),

transpose operation. Only the upper triangular portion is stored, as

indicated in the appendix; hence (C )i,j is stored in locationmn
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*1
G(I + (J-l)J/2) when 1 4 j

and

G(U + (i-l)i/2) when i > J.

Read BOT input, compute Subroutines BOTIN
parameters, and plot the BOT a nd P OTA
generating curve and PLOTB

Calculate impedance loading
weights for the BOT and
write these weights to disk

Step modes
m = 0 to NMODF. - 1 (Symmetry conditions applied)
n4= - m to+ m

Compute Green's kernel -1
rnand Gmn matrices [Equations (A-S) (A9) (All) 4A131]

Compute impedance matrix
Zsscopsdo

an, composed of [Equations (A -3) to (A-6)-

Zsstt Zsstz Z7Szt and ZsszzZinn, -mn ' rn ' mn •

W i eZ ssn to disk and line prin te

*See Volume I
No mo e IVe

Figure 40. BOTZSS flow diagram. A
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The section that computes the impedance matrix Zas uses the following
m,n

symmetries:

zsatt (Z sst)
m'n t M'n

m"sstz) sSZt

m(Z S -t (Z ,n

t m,n n ,

and

Z sszz (Z SSZZ)
mn t mn

Thus only the upper triangular portion of each of the Zs .sZt 7
sszM'n a,n '

and Z szn needs to be computed. The remaining portion is filled usiAg t:.e

symmetry conditions above.
Since the z-directed currents on the B3T are expanded as &nz/L ,

the n-0 mode should not be include'. However, in order to mai-=_ain a paralile

treatment for the t- and z-directed BOT currents, the n-0 (z-d-rected, mode is

included, yielding

Satz zSSZt ZSZz 887z-z -Z =0.
Mo on mo Oil

This addition leads to a singular impedance matrix since the n-0 mode z-

directed BOT current coefficients are arbitrary. To cireumvent this

predicament, the BOTZSS program sets Z ssZZ - If where I is the identity
00

matrix, and the matrix inversion can be performed without alteration, which is

equivalent to forcing the n=0 (z-directed) mode BOT current coefficients to be

zero.
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3,2 IIOTINV Program

BOTINV fills the ZBOT matrix using the output file from BOTZSS and

inverts this matrix according to the user's specifications. The following

symmetries are ,sed to fill ZBOT from the partial ZBOT matrix generated by

BOTZSS (see Figure 39 for N14ODE = 4):

Main diagonal symmetry (Compute Zs from Z8 s )nLm mn

zSStt I Satz Zsatt -(sszt)f
Znsm Znpm FZm,n t( M~t"

Zs
n,m "

Z SSZt }zSSZZ (Z Satz Z gSaZz
L-n,m n,m in-- t Zm'n) m,n ,,,

Skew- symmetry (Compute Z_,nm from Z%,n)

SStt ..- tZ sstt -zSSZt) -

-n- -- n- mn1

z SSZt SSZ (ZSatz. z SSZ
-n,-m t-in , n

Figire 41 shows the flow diagram for BOTINJ. Three types of matrix

i• ersioLs are allowed in BOTINV: total inversion, main diagonal inversion,

axd partia_ inversion. Each of these options is described next.

*t

Total Inve hion - Total inversion is performed when NBAND > 2*NMODE-1. In

this case, the ZBOT matrix is stored by columns as follows:

(Z SO Z((n + NMODE-I)*LS 2*(2*NKODE-1)

93
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Read NMODE and
NBAND fiom input

Read BOT mpedance loading from
input and surface impedance %eights
from disk

4No NAD Yesa

7 ~ (miqin diagonal 4inversion)
NAD Yes (partial inverse)• S*,ep m f trm

erxe)' E-1 0 to NMODE-I

NoRead Z from disk n
BOT Read main diagonal

by submatrices, add
Read ZAT from disk surface impedance andsurb R a dd fill only the submatrices Z add surface impedanceby svb •arices, add wEreri-< S nO.•,
suface impedance, and fill where ImrnI <oNBANDi usi"n
entire ZBOT matrix, using the symr1etry conditions
the symmetry conditions Invert Zs mVia

IGaussiao elimination
Invert staircase-type

Invert Z BQT via ZBOT (main diagonal
Gauss;an eliminatiornandabndsmof su 1bmrieSl I Write a immS ~~decomposition routine and line printertods

Write YBOT to disk and Yes

line printer by submatrices Write YBOT to disk M
and line printer by
submati ices

STOP Compute Y -m
from Ymm using
symmetries

SWrite Y'ss t

disk and line printer

No

Yese

STOP

Figure 41. BOTINV flow diagram.
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I
+ (j-1)*(2*NMODE-I)*LS

+ (m + NMODE-1)*LS + i)

(Z sszt) is stored at (% stt) + NM
m,n ima,n ij

(Zsstz) is stored at (ZS8tt) + NM*LS*(2*NMODE-l)
m,n iJ m,n ij

(Zsszz) is stored at (Zss tz) + NMm~n ljm,n l
m if injf

Once the ZBOT matrix is filled, it is inverted using Gaussian elimination with

partial pivoting, and written to disk file by submatrices.

Main Diagonal Inversion - Main diagonal inversion is performed when NBAND - 1.

In this case, the individual diagonal submatrices are inverted separately

using Gaussian elimination. For m 0 0, the following symmetry is used:

Ssstt zsstz z sstt _ SStz

-m,-m I -mm mam mnm

zss -...

_sszt szSz _zSSZI sSzz
--h', -is z 7,m mm

L L ij
which implies that

zss _- S
m,-M m -m,-m

has the same symmetrieb. Thus only Z s is inverted where m - 0 to NMODE-l.

The symmetries are used, and the resulting (2*NMODE-1) submatrices are written

to disk file.
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Partial Inversion - Partial inversion is performed when NBAND<2*NMODE-1, and

NBAND*1. In this case, the ZBOT matrix is filled only with the Zs
I cm,n

submatrices for which Im-ni < NBAND. The resulting ZBOT matrix has a

staircase-type structure. The rest of the matrix is sparse. If each of the

z ss submatrices is thought of as an individual element, ZBOT can be
m,n

considered as a banded matrix. A modified LU (lower-upper triangular)

decomposition can then be used with all arithmetic operations replaced by the

corresponding matrix operations. The result is an L and U matrix which is

also of a staircase-type, but is lower and upper triangular, respectively,

when the submatrices are considered as individual elements. The inverse of

ZBOT can be computed using forward and backward substitution, again replacing

arithmetic operations with matrix operations. The result is a full inverted

ZBOT matrix which is written to disk file by submatrices.

The ZBOT matrix is stored by columns, if the individual. submatrices Zssm,n

are considered as elements. Only the banded portion is stored. When NMODE 4

and NBAND = 2 (refer to Figure 41), ZBOT is stored in the following order:

-3,-3* -2,-31 -3,2 Z-2,-22 Z-1,-29 Z-2,-l"

Each submatrix is stored in LS 2 successive locations by columns. For the

example above, would start at index LS 2 + 1.example abv , Z,3

3.3 Description of Impedance Generating Programs

3.3.1 BOTZSW Program

BOTZSW generates the BOT-wire/junction impedance submatrices in Figure 42

for -NMODE+1 r m 4 NMODE-1. Each of the Zsw matrices is comprised of up to
m

four submatrices as follows:

z sw't I zi't

Im n
Sm]

-- T- II

where t and z correspond to the t- and z-directed cutrent expansions on the
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BOT, resprectively, and w and J -orrespond to the wire and junction current

expansioas, respectively. !gure 43 shows the flow diagram for BOTZSW.

BOT Wires Junctions Caps Edge

n= -2 -1 0 +1 12 +3 +4

tt tz I t t t t

zt I zz z z zt zp zSymmetry used-

BOT 0

I/BOTZSW BOTZSC

•/ BOTZSS "

Wires + ___I,

+32 / "_ i/i//

BOTZWW Symmetry used

Symmetry used -

junctions I

Caps 4 +

BOTZCWV BOTZCC

Symmetry used -

Edge - S try

Figure 42. System matrix structure, with wires and caps,
when the wire3 are added first.
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Read BOT input, compute Subrouties BOTIN
parameters, and plot the BOT and PLOT N
generating curve

Reed wire/junction inout Subroutine WIREIN

and compute paramete-s

Step modes m = - NMODE + I
to NMODE - 1I
Compute Green's kernel matric (Equations (A.21)1

0between BOT and wire segments

ConpUte BOT-wire impedance [Equations (A-24a)
and (A-24b)]*

"Yes

Compute BOT-junction impedance [Equations (A-24). (A-28ar
mat rx -Jand (A-28b)]*

Write Zm to disk and line printer Subroutine ZLIST

See Volume I

_ , No' STOP

Figure 43 BOTZSW flow diagram.
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3.3.2 BOTZWW Program

BOTZWW generates the wire/junction-wire/junction impedance submatrix Z,

which is comprised of up to four submatrices as follows:

zzW

z I '

uhere w ard J represent the wire and junction expansions, respectively.

BOT-WW usec the symmetry relation ZJw - ZwJ. where t indicates the transpose
t

operation. Figure 44 shows the flow diagram for BOTZWW.

Read wire/junction input Subroutine DATAIN
and compute parameters S

AnyANo c
Nop junctions

t'p"resentN

Comptvte wire-junction impedance
matrix and uss symmetrv to obtain [Table 1, Volume I]
junction- wire impedance elements

I ui~a~r~~~inct~fl [Table 1,* Volume I)

ouwire-wire impedanc [ [Table 1, Volume I]

Write Zww to disk and line Subroutine ZLIST
printer

Figure 44. BOTZWW flow diagram.
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3.3.3 BOTZSC Program

BOTZSC generates the BOT-cap/edge impedanct submatrices Zsc for
m

-NMODE+I 1 m 4 &MODE-1. Each of the Zm matrices is comprised of up to six

submatrices as follows:

z sc,ttl z sC'tP IzSc,te

m I M m

z SCI zsczP zscze
Lm I m

where the third superscript t or z r to the t- or z-directed expansions

on the BOT, respectively; tfe fourth superscript refers to the t or p

expansions on the cap, and e refers to the edge expansions. Figure 45 shows

the flow diagram for BOTZSC.

3.3.4 BOTZCC Program

BOTZCC generates the cap/edge-cap/edge impedance submatrix Zcc, which is

comprised of up to nine submaLrices as follows:

where the t, p, and e represent t, p cap, and edge expansions, respectively.
BOTZCC usa the symmetry relations eccet - ZcC,te ZCCeP zCCpe,

t

where t indicates the transpose operation. Figure 46 shows the flow diagram

for BOTZCC.
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Read Bt T input, compute Suruie II
parameters, and plot the SOT urotnes BOT IN
ganeiating cw.rvo n LT

Red ,pedge input and SO'routine CAPIN

between SOT and cap/edge patches

Compute BOT-cap impedaner (qain(-2a A2

Copt(O-apileac Equations (A-21a) - (A-21b)1 7

Waritetx ikadln ritr Sbotn LS

Se~ Voume I

----- - -.-.-.- ----. ~e

Co pt=O -cpi p n Equa-- - - - - - A-31 8) -(-3 b),C.-



Read BOT input, compute Subroutines BOTIN

parameters. and plot BOT and PLOTS

Read cap/edge input and Subroutine CAPIN

compute parametlserns eftr A7l

Calculte capacap impedance sb

Cma utrices n ke ne self-ter [Equations (A-1 6a) - tA 16

jCCPP-

7Are
~7 edg

No transition
terms

included

Yes

Comput ca andl imeaC (Equations (A-32a) - (A-32b]Y'

compute edge-e'dgo impedance

matrix zee

Use symmetry to ontain

subrnatrices Zc't and ZeC.'P

Write Zcc to disk and line Subroutine ZLISl

*See VolumeI

Figure 46. 8OTZCC flow diegram.
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3.3.5 BOTZCW Programt

BOTZCW generates the cap/edge-wireijunction impedance subisatrix Z, which

is comprised of up to six subm&trices as follows:

Z iw'1 cj'O

where t, p, and e refer to the t, p cap, and edge expansions, respectively,

and w and j refer to the wire and junction expansions, respectively. The

interaction between the cap/edge currents and the Junction currents is set to

zero (i.e., Ze'It Zcj'p .ej = 0). Figure 47 shows the flow diagram for .

BOTZCW.

3.4 BOTINVA Program

BOTINVA inverts the system matrix when either wires or caps are added to

a BOT using a previously inverted system matrix. The new system matrix to be

inverted can be written in partitioned form as:

where P is the old system matrix for which P-1 already exists on disk, and

where Q, R, and S are impedance matrices arising from the addition of wires

and/or caps. The inverse of this system is of the form:

K N
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Read BOT input, compute parameters, Subroutinet BOTIN

and plot the BOT generating curve and PLOTB

Read cap/edge input and Subroutine CAPIN

compute parameters

Reac wire/junction input and Subr.tine WIREIN
compute parameters

Compute cap-wire mpedance (Equations (A-268-
a es Zcw't and wA-26b)P]

Matrice Ze'w'a

Com junteeeWireons ac Eqain A3)

S*See Volume I

Figure 47. BOTZCW flow diagam.
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AI
!N No junlctions J

".1

* • Write Z to disk and lineSprinter Subroutine ZLIST]f

Figure 47. Concluded.

where

N (S-R.P-IQ)- 1

L -P-IQN
SM = -NRP "1

K P-1 (I-QM).

Since p-1 already exists, the new inverse can be found by matrix multipli-

cation and by calculating the inverse of a matrix having the same order as

S. Figure 39 shows the system matrix that is obtained when caps are added to

an old system matrix containing an open BOT with wires and junctions. The S

t matrix corresponds to the impedance matrix generated by BOTZCC for this

* case. The same system could be generated by adding the caps first, which

woulu result in a rearrangement of the matrices. In either case, BOTINVA

arranges the matrices properly. Figure 48 shows the flow diagram for BOTINVA.
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Read parameters for the old
inverted system matrix from
disk

Read NC, NPR, NE, NW, NPW,
and NJ from input

Update parameters for Update parameters .or new
new system matrix by system matrix by including
including wires caps

Check impedance matrix Check impedance matrix
parameters for consistency parameters for consistency
with new system matrix with new system matrix

Read BOT impedance loading I
from input and cap surface
impedance weights frorT, disk

Read the old inverted system
n r_ imrix p -1 a n d th e n e w djimpedance matrices Q and S. Subroutine GETPORS
R - tO

0A)

Figure 48. BOTI NVA flow diagram.
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A
No capsbi"

added

Yes

• I i ~Add surface impedane l
to matrixIS

Invert the partitioned matrix i

Write parameters for the new
inverted system matrix to disk I

Write the inverted system
matrix to disk and Subroutine PUTPQRS
to the line printer

Fi ire 4•. Concluded.

3.5 Radiation/Scattering Analysis Programs

BOTRA Program - BOTRA computes the radiated far and near fields resulting

from slot and/or wire antennas on the BOT with or without end-caps present

(Sections 5 and 6, Volume I). The presence of wires or caps in the inverted

system matrix file is indicated by assigning pseudo mode numbers to the wire

and cap blocks iii the matrix (see Figure 39). Figure 49 shows the flow

diagram for BOTRA.

BOTSCB Program - BOTSCB computes scattered far and near fields in the I
bistatic mode, with or without wires and end-caps present (Section 5.3, Volume

I). Figure 50 shows tne flow diagram for BOTSCB. r

BOTSCN Program- BOTSCM computes scattered far fields in the monostatic

mode (Section 5.3, Volume I). Figure 51 shows the flow diagram for BOTSCH.
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BOTAC Program -BOTAC computes the antenna coupling between slot and wire

antennas located on th, BOT surface (Section 6.3, Volume I). Figure 52 shr

the flow diagram for BOTAC.

SRead 
BOT inp~ut, compute Suruie 0I

parameters, and plot the Subroutines BOTIN
BOT generating curve and PLOTS

F Read cap/edge input and S

compute parameters Subroutine CAPIN

Read wire/junction input SurtieWRI

F Read slot antenna input Subroutine SLOTIN

If wires are present, read
wire/junction voltages Subroutine VWlRE

Check that system matrix
parameters agree with input Subroutine ORDER
parameters

mRed mn. nd Ym n n from dl S bri

the mode numbers m andi n

Figure 49. BOTRA flow diagram.
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M7.

C7alculate P - E V I Subroutine MULTVC

DO 90 lANG =1, AN

Subroutines RBOT,
Calculate transfer matrices for RWI RE, and RCAP
or and Or [Table 2, Volume I]

Calculate 1;Rm 1~'0 r1  Subroutine MULTYR
for 0 and 0 polarizations (Equation (A-34),

Print power for 0. and 8

110 CONTINUEj

L--F CONTINUE

6 1
Figure 49. Continued.
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curr - 1 Subroutines LPCUR and
List and plot rents PLOTC

"DO 490 ITEST = 1, NTEST (Near-field analysis)
4i

Compute modal current ,

coefficients (for x, y, and z Subroutines NEARB,
components) for the NEARCo and NEARW
electric and magnetic near- [Equations (47, 48, 50,fields. Sum over all modes 525,an56
to calculate the electric- and 52, 55, and 56)"
magnetic-field components

Plot three views of the Subroutine PLOTinput geometrySurtieP T

STOP "SeeVolumeI

Figure 49. Concluded.
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Read BOT input, compute Subroutines BOTIN

parameters, and plot the ndP TSOT generating curveanPLT

Read cap/edge input and Subroutine CAPIN
compute parameters, i

PN
Read wire/junction input Subroutine WIREIN
and compute parameters

Check that system matrix
parameters agree with Subroutine ORDER
input parameters

i Subroutines ROOT,- -Calculate transfer matrie R CAP, and RWlRE T-

for incident wave RCab, and R "R
L [Table 2. Volume fl

SRead re,n, and Ym,n from disk

End of file Ys A4

No

Determine submatrix type from .1
the mode numbers m and n

Calculate Im = Y R (0i.1 Subroutine
fo m n n mn *n Sbotn

for 0 and 0 polarizations MULTYR

Figure 50. BOTSCB flow diagram.
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Se•t the 0. and 0.scatterin n ei

D 110 Ko- , NT; fix 0ande 0

Calculate transfer matrices Subroutines RBOT,
for 0s and 0. RWIRE, and RCAP

[Table 2, Volume I]

ZC Iculate Z R (, ý o 0
T11, m m 4 s.s) 1 ifo96 Subroutine

00, 00, and 0 polarizations MULTYR

F Print RCS for and

110CONTINUE

90 CONTINUE

and plot curr Subroutines LPCUR

L and PLOTC

Do 490 ITEST - 1, NTEST (Near-field analysis)

Compute modal current
coefficients (for x, y. and z
components) for the electic Subrot.tines NEARB,
and magnetic near-fields. NEARC, and
Sum over all modes to NEARW
calculate the electric- and [Equations 47,48.50.
magnetic-field components 52.55. and *6j*
resulting from 0 and 0
poiarized incident waves

Print near-field results

490 CONTINUE

S*See Volume I
STOP

F:,ure 50. Concluded.
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Read 60T inpi!t, comp t ute ttne OI
parameters, and plot the Sbo~ie OI
BOT generating curve and PLOTB

Read cap/edge input and ~
compute parameters S~ubroutine CAPIN

Read wire/junction in ut Sbotn IRI
and compute p..rameter7s SurtieWRI

Check that system matrixparameters agree with Subroutine ORDER

DO 90 lANG =1, NAING 1 Rew~nd YBO diti& file

Se'. he 0 and 0Lscattering angles

II7E j [Tab~e 2. Volume I)
[Elculatf. transfer .natricesSurtie
for each q. andO 0 BOT,A

s RCAP, anc RWI RE

? r-~ix 0 and 0.

Determine submatrix
Print RCS for each type from the mode numbers

95S ad 6 sm and n.

[C-aicuilt- and sum 1(Equation 4 A
...... ý ! OCONTNUE 0m ýOs' OS m~n R.n (0s' 0l for Subroutines MULTYPI,

00, ft, 00 and 00 polarizations jand MULTRC

120 CONTI NU E

*See Volume I

Figure 51. SOTSCM flow diagram.
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[Read BOT input, compute Subroutines BOTIN
parameterý. and plot the and PLOTB
BOT generating curve

Read wire/junction input Subroutine WIRE IN
and compute parameters

Read slot antenna input Subroutine SLOTIN

Calculate slot-slot antenna [Equation 581*
coupling

Calculate junction-junction Equation 57F
antenna coupling

--
F Plot th.ree views of the Zubroutine PLOT

input geometry

s'roV7~j See Volume I

Figure 52. BOTAC .low diagram.

3.6 Subroutine Descriptions

A debcription of the subroutines, called by each of the A-STAR programs

(Figure 1), follows. These subroutines are referenced in the flow diagrams

for the program descriptions. The variable descriptions used in these

routines are given in Appendix A.

BOTIN - Subroutine BOTIN reads the BOT input geometry from the user input data

(bee Section 2.3.1), plots %he BOT generating curve, and computes all BOT

segmentation parameters used in calculattons involving the BOT.

CAPIN - Subroutin- CAPIN reads the cap/edge input geometry from the user inpuL

data (sce Section 2.3.2) and computes all cap and edge parametees used in

calculations involving the caps and edges.

I
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CSIMP - Subroutine CSLMP is a Simpson integration routine with a calling

statement:

CALL CSII4P(F,A,B,DEL,IMAX,SII,SN,IER).

This routine computes S - f8 F(x)dx using the method of successive bisectionsA!
of the interval until either a relative error or DEL is achieved or IMAX

bisections have been performed. F must be declared external in the calling
program. The following are returned by CSIMP:

S - Approximate value of the integral.

SU1 - Previous approximation to the integral. Convergence has occurred if

S V. 5II< DEL.

N - Number of intervals used in computing S.

IER - Error return. IER - 0 indicates that convergence has occurred.

DATAIN - Subroutine DATAIN skips over the BOT and cap/edge input data, reads

the wire/junction input geometry from the user input data (see Section 2.3.3),

and computes all wire and junction segmentation parameters used in

calculations involving the wires and junctions.

GETPQRS - Subroutine GETPQRS retrieves the partitioned system matrix[• Q]from

disk, using the following unit numbers:

P-I is read on unit I

S is read on unit 4

Q ia read on unit 2, and if both wires and caps are present in the system

matrix, an additional part of Q is read on unit 3.

The matrix R is obtained as the transpose of Q.

GREEN - Subroutine GREEN calculates the Green's function kernel used in the

calculation of wire-wire impedance matrix elements.
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INVBAN - Subroutine INVBAN is a modification of a standard banded matrix

inversion routine using LU decomposition without pivoting, where only the

banded portion is stored by columns. Arithmetic operations were replaced by

-their corresponding matrix operations, and indices were multiplied by LS 2

since the elements were replaced by matrices. The calling statement and

arguments follow:

CALL INVBAN(LS,NMODE,NBANDNZ,A,Z,WORK),

where LS, NMODE and NBAND are described in Appendix A.

INPUT: NZ - Array used for indexing. In a normal banded matrix A,

NZ(I) - NZ(I-l) + (the number of zeros below the band in

column I-1) + (the number of zeros above the band in column

I), where NZ(1) - 0. If A has order i with only the banded

portion stored by columns, then Aii wil1 be stored in location

n(J-1) + i - NZ(J).

A - Array containing the staircase-type matrix to be inverted,

with storage details described above.

Z - Array of length LS 2 used as work area.

WORK - Array of length LS used as work area.

In addition, three variables are passed in common as follows:

COMMON NM,JK(4),LR,

where

NM - Number of triangle functions

JK - Work array of length 4

LR - Work array of length LS.

INVPAR - Subroutine lINPAR inverts a partitioned matrix of the form •R

where P-1 already exists. The calling statement and arguments follow:

CALL INVPAR(PI,Q,R,S,W,LR,N,M).

INPUT: PI - Matrix containing P-1 , and on return it contains the

part.tioned part of the inverse.

Q,R.,S, - Submatrices in the partitioned matrix, and on return they

contain the submatrices of the inverse.
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W - Complex work array of length max (N,M).

LR - Work array of length M.

N - Order or matrix P.

M -Order of matrix S.

LINEQ - Subroutine LINEQ is a standard matrix inversion routine using Gaussian

elimination with partial pivoting, with the following calling utatemeat and

arguments:

CALL LINEQ(LLC,LR),

where

LL - Order of matrix to be inverted.

C - Array containing the matrix to be inverted, stored by columns. On

output, C contains the inverLed matrix.

LR - Array of length LL used as a work space during the pivoting process.

LIST - Subroutine LIST prints individual Ym,n submatrices on the line printer

and writes them to a disk file.

LISTA - Subroutine LISTA prints individual Ymn submatrices that correspond to

wires and/or caps, and writes them to a disk file.

LPCUR- Subroutine LPCUR lists and plots the BOT currents (magnitude and phase I
as a function of Z/BL) for each triangle function on the body, and then lists I
cap/edge and wire/junction currents.

NEARB - Subroutine NEARB calculates the electric and •agnetic current

coefficients for one mode of the BOT current expansion, and for one near-field

test point.

NEARC - Subroutine NEARC calculates the electriz and magnetic current

coefficients for the caps resulting from one near-field test point.

NEARW - Subroutine NBARW calculates the electric and magnetic current

coefficients for the wires resulting from one near-field test point.
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OR.DER - Subroutine ORDER checks that the user input data agree with the
parameters contained in the system matrix disk file, and prints the order in

whIch caps and/or wires were added to the system.

PLOT - Subroutine PLOT generates an x vs. y plot on the line privaer.

iLOT6 - Subroutine PLOTB plots the points on the generating curve of the
AO. Points on the BOT corresponding to triangle function peaks are indicated

with a plus sign. The calling statement is

CALL PLOTB(XY,N,NR),

where

X - Array of x coordinates to be plotted

Y - Array of y coordinates to be plotted

N - Number of points to be plotted

NR - Number of linr printer rows to use for the y-axls.

The routine uses 51 columns for the x-axis, with the dynamic range on both the

x and y axes equal. Hence, depending upon the type of line p;rinter used, NR
ma' have to be adjusted to obtain a plot that is not distorted (i.e., the x

and y axes have approximately the same physical .Lngth on the line printer

output).

PLOT., - Subroutine PLOTC plots the magnitude and phase of the currents on a

giveu ROT ttiangle function. The calling statement is as follows:

CALL PLOTCCYl,Y2),

where

,' Y1 - Array containing the current magnitude at 41 equally spaced

z coordinates.

'2 - Array containing the current phase at 41 equally spaced

z coordinateo.

PUTF.:;- Sutroutine PUTPQRS writes the partitionec inverted system matrix to

a dih file by submatrices Ymn, where m and n are either BOT mode numbers or

psewAo nd• numbers corresponding to wires and repd.

S•18
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RBOT - Sxtbroutine RBOT computes the mode-independent part of the BOT transfer

matrices fcr (C,e) angles.

RCAP - SubroutAi-e RCAP computes the cap/edge transfer matrices for (4,O)

angles.

RWIRE - Subroutine RWIRE computes the wire/junction transfer matrices for

(O,e) angles.

SBOTIN - Subroutine SBOTIN skips over the BOT geometry input data.

SCAPIN - Subroutine SCAPIN skips over the cap/edge input data.

SLOTIN - Suoroutine SLOTIN reads the slot antenna input data (see Section

2.3.4).

VBOT - Subroutine VBOT computes the BOT voltage array for a given mode number

resulting from the alot antennas on the BOT.

VWIRE - Subroutine VWIRE reads the wire/junction voltages and generates the

wire•junction voltage array.

liPCIN - Subruutine WIREIN reads the wire/junction input geometry from the

urler input dat. (aee Section 2.3.3) and computes all wire and junction Isegmentation para;meters used in calculations involving the wires and

Junctions.

ZLIST - Subroutine ZLIST prints impedance matrices on the line printer by

submatrices according to the type of current expansions contained in the

impedance matrix.
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APPENDIX A: DICTIONARY OF COMMON PROGRAM VARIABLES

(Input variables are described in Section 2.3; equation numbers refer

to expressions in Volume I; page numbers refer to Volume I1)

AC(I) - Area of cap triangle formed by connecting the BOT segment I with

the cap center point (XC, YC). The area of the Jth trapezoidal

patch on this cap trianple is then given by AC(I)*(RHOC(J+I)**2

-.RHOC(J)**2).

ANG - Input array of fixed radiation or scattering angles (page 15).

ANGI - Inrut array of starting radiation or scattering angles (page 15).

ANG2 - Input array of ending radiation or scattering angles (page 16).

BK - Wavenumber (meters-l).

BKL - OK*BL.

BL - Half length of BOT (meters).

CB - Array containing modal t- and z-directed currents on the BOT

[Equation (2)]. CB [(m + NMODE - 1)*LS + J] contains the t-

directed current for mode m on triangle function J. The z-directed

current is stored in CB [(m + NMOD% -1)*LS + J+NM]. Used in BOTRA.

CBP - Array containing modal t- and z-directed currents on the BOT for a

*-polarized incident wave. See variable CB for storage details.

Used in BOTSCB and BOTSCM.

CBT - Array containing modal t- and z-directed currents on the BOT for a

0-polarized incident wave. See variable CB for storage details.

Used in BOTSCB and BOTSCM.

CC - Array containing t- and p-directed currents on the caps and edge

currents.

CCP - Array containing t- and p-directed currents on the caps and edge

currents for a *-polarized incident wave.

0 CCT - Array containing t- and p-directed currents on the caps and edge

currents for a 0-polarized incident wave.

CPC(I) - Cosine of *p angle for BOT generating curve segment I. (See Figure

3 of Volume I.) Used when caps are present.

CV(I) - Cosine of v angle for BOT generating curve segment I. (See FigureS~P
2 of Volume I.) CV(J) corresponds to v on segment J.

4 q
CW - Array containing wire and junction currents.
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CWP - Array containing wire and junction currents for a ý-polarized

ii,-J.dent wave.

CWT - Array ctontaining wire and junction currents for a 0-polarized

incident wave.

DH(I) - Length of geterating curve segment I (meters).

DHW(I) - Length of wire asgment I (meters).

DRHOC(I) - Length of normalized radial segment I on the caps.

DTOR - 11/180O.

DXW(I) - x coordinate variatiorn for wire segment I (meters).

DYW(1) - y coordinate variation for wire segment I (meters).

DZW(l) - z coordinate variation for wire segment I (meters).

ESC - Array containing electric near-field radiation components of

(rW) in the %, y, and z directions [Equations (46-50)] stored in

ESC(1-3), respectively. Used in BOTRA.

ESCP - Array containing electric near-field scattering components result-

ing from a *-polarized incident wave [Equations (46-50)]. Used in

BOTSCB.

ESCT - Array containing electric near-field scattering components result-

ing from a 8-polarized incident wave [Equations (46-50)]. Used in

BOTSCB.

EO - Input array for slot antenna excitation (Equation (39)] (page 14).

ETA - - 376.707 Q.
0 0

EWGHT - Array of weights used for impedance loads on the edges.

G - Array containing the integrated Green's function kernel Gm,n

[Equations (A-8) to A-12)). In BOTZSS, G is symmetric with only

the upper triangular portion stored by columns from index I to

(NP - 1)*NP/2.

Gi,j is stored in location G[i + (j - 1)*J/21 when i j J

SGB - Array containing the integrated Green's function kernel

(Equation (A-6a)]. See variable G for storage details.

GP - Array containing the f~elds for the NT radiation angles

to compute *-polarized gain.

GS - Array containing the integrated Green's function kernel self-terms

on the caps.

CT - Array containing the fields for the NT radiation angles to

compute 6-polarized gain.
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GI - Array containing the integrated Green's function kernel G
m

for caps and wires.

G2 - Array containing the integrated Green's function kernel G

for caps and wires.

GIE - Arr:ay containing the integrated Green's function kernel Gm
for edges.

G2E - Array containing the integrated Green's function kernel G

for edges.

HO - Array containing the integrated Green's function kernel

for the magnetic near fields [Equation (52)].

HI - Array containing the integrated Green's function kernel

for the magnetic near fields [Equation (52)j.

HSC - Array containing magnetic near-field radiation components in the

x, y, and z directions [Equations (52)-(56)]. HSC - A(r'), used in

BOTRA.

HSCP - Array containing magnetic near-field scattering components

resulting from a *-polarized incident wave. HSCP - H(r'),

used in BOTFCB.

HSCT - Array containing magnetic near-field scattering components result-

ing from a e-polarized incident wave. HSCT - H(r'),

used in BOTSCB.

IEDGE - Indicates whether the BOT generating curve is open or closed.

IEDGE - 0 for closed and I for open.

INDJW - Input array indicating which points in the wire array are junction

points (page 12).

1NDTJ(I) - The wire segment index at which the I-th junction half triangle

function starts.

INDTW(I) - The wire segment index at which the I-th wir• triangle function

starts. •

INDW - Input array indicating the wire indices at which each of the NW

wires start (page 12).

IPLANE - Input array indicating whether corresponding elewent of array ANG j
is a 0 or * angle (page 15).

IS - Input array for specifying location of slot antennas. [See

Equations (36)-(39).] (page 13).

122



IUNIF - Indicate whether the BOT generating curve has uniform or nonuniform

segmentation.

IUNIF - 1 foL uniform segmentation and IUNLF - 0 for nonuniform

segmentation.

K%; -NP - 1.

LC - Total number of two-dimensional triangle peaks on the caps.

LC2 - 2*LC.

LE - Total number of triangle peaks on the edges.

LR - (NPR-3)/2 - the number of triangle functions on one of the caps in -•

the radial direction.

LS - Order of each Zmn submatrix. LS - NP - 3.

LSS - LS*LS.

LW - (NPW-3*NW)/2 = the total number of triangle functions on the wires.

LWJ - LW+NJ.

M - Mode number m.

MORD - Two-dimensional array that indicates the order in which wires and

cais have been added to the system matrix. MORD(1)-O if caps are

not contained in the system matrix. If caps are contained in the

system, MORD(1) :eritains the pseudo mode number corresponding to

the location of ttv caps in the system matrix (i.e., MORD(1)-NMODE

if caps were added first, and MORD(1)-NMODE+1 if caps were added

second). Similarly, MORD(2)-O if wires are not contained in the
system matrix, and if wires are contained in the system matrix,
MORD(2) contains the psuedo mode number for the wires.

N - Mode number n.

NANG - Input variable. Number of fixed radiation or scattering angles

(page 15).

NEAND - Input rariable. Number of submatrix diagonal bands used in Z-1
BOT

(page 9).

NC - Number of caps.

NE - Indicates whether cap/edge terms are included. NE-0 if edge terms

are not present, and NE-NC if edge terms are present.

NJ - Number of junctions.

NM - Namber of triangle functions on the BOT generating curve.

NM (NP-3)/2.

NMODE - Input variable. Number of nonnegative modes (page 9).
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NM2 - Order of each Zm,n submatrix. NM2-NP-3.
SM4 - NM*4.

NP - Number of points on the BOT generating curve. (See Section 2.3.1.)

NPR - Number of radial points on each cap.

NSP - Input variable. Number of diagonal bands used in ROT impedance

matrices (page 9).

NPW - Total number of points on the wires.

NSA - Number of slot antennas on the BOT.

NT - Input variable. Number of radiation and scattering angles (page
15).

NTEST - Input variable. Number of test points for near-fields (page 16).

NW - Number of wires.

PHI1. - * angle for the incident wave (degrees). PHIlI in Equation

(43).

PHIR(K) - * angle for the radiated fields (degrees). PHIR(K) r in

Equation (32).

PHIS(K) - * angle for the scattered fields (degrees). PHIS(K) = * in

Equation (43).

RADD(I) - Radius of the I-th junction disk (meters).

RADJ(I) - Radius of the I-th junction wire (meters).

RADW(1) - Radius of i-th wire (meters).

RBP - Array containing the mode-independent portion of the BOT Rt andand

R matrices (i.e., with the a term removed) resulting from a *,-
n

polarized incident wave. The order of storage is

iV i - 1 to NMI followed by

{(R )i i - 1 to M11

RBP can contain the transfer matrices for several (0, 6) anglese

In this case, the starting index is offset by a multiple of 2*NM.

RBT - Array containing the mode-independent portion of the BOT Rte and
Ze

R1 matrices (i.e., 'ith the a term removed), resulting from an
e-polarized incident wave. The order of storage is

I(Rt6)is i 1 to NM} followed by{Rn zit i - I to W
ni{()•n i 1 to M

As in RBP, the starting index can be offset by a multiple of

2*1RM.
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RC(1) - Radial distance from the center of the cap to the l-th BOT point

(meters).

RCI(1) - Radial distance from the center of the cap to the l-th BOT segment

(meters).

RCP - Array contairing the cap/edge transfer matrices resulting from a

0-polarized incident wave. The order of storage is

{R" i - 1 to LC} followed by

IRPO, i -1 to LC} followed by

{Ri, i -, LE}. LE

RCP can contain the transfer matrices for several (@, 0) aagles.

In this case, the starring index is offset by a multiple of 2*LC+LE.

RCT - Array containing the cap/edge transfer matrices resulting from a

0-polarized incident wave. See variable RCP for storage details.

RHOC - Input array of normalized radial coordinates on each cap.

RHOCI - Normalized radial coordinates for the radial segments on each cap.

RWP - Array containing the wire/junction transfer matrices resulting from

a *-polarized incident wave. The order of storage is

{R., i - i to LW} followed by

i - I to NJJ}.

RWP can contain the transfer matrices for several (0, 0) angles.

In this case, the starting index is offset by a multiple of LW+NJ.

RWT - Array containing the wire/junction transfer matrices resultirng from

a @-polarized incident wave. See variable RWP for storage details.

RWGHT - Array of weights to be used for p-directed impedance loads on the

caps.

SC(I) - Sine of 1b angle for BOT generating curve segment 1. (See Figure 3 k
p

of Volume I). Used when caps are present.

SPP - Array containing oo for the NT scattering angles [Equation 43)].
SPT - Array containing o for the NT scattering angles [Equation 43).
STP - Array containing oa for the NT scattering angles [Equation (43)].

STT - Array containing o0" for the NT scattering angles [Equation (43)].

SV(1) - Sine of v angle for BOT generating curve segment T. (See Figure 2

of Volume 1.) [Equation (A-3).] SV(J) corresponds to v onP
scgment J.

T - Array containing the values of the triangle functions Tt.
P

T[(K - 1)*4 + p] contains the value of the k-th triangle function
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over the p-th segment forming it. I < p 4 4. [Figure 2, Volume

I].
TBE - Array con:iaining the values of the edge half-triangle functions on

the BOT.

TCE - Array containing the values of the edge half-triangle futictions on

the cap.

TCR - Array containing the values of the radially directed triangle

functions on the caps for p-directed currents.

TCT - Array containing the values of the radially directed triangle

functions on the caps for t-directed currents.
TEXC - Input array indicates t-excitation on slot antenna (page 14).

THI - 8 angle for the incident wave (degrees). THI - 0i in Equation

(43).

THK(K) - 8 angle for the radiated fields (degrees). THR(K) r inr

Equation (32).

THS(K) - e angle for the scattered fields (degrees) [Equation (43)].

TJ - Array containing the values of the junction half-triangle

functions.

TP - Array containing the values of ýt. The storage method is the same
P

as for T.

TPBE - Array containing decivatives of the half-triangle functions in the

TBE array with respect to Z.

TPCE - Array containing derivatives of the half-triangle functions in the

TCE array with respect to p.

TPCR - Array containing derivatives of the triangle functions in the TCR

array with respect to p.

TPCT - Array containing derivatives of the triangle functionG in the TCT

array with respect to p.

TPJ - Array containing derivatives of the half-triangl( functions in the

TJ array with respect to wire length.

TPW - Array containing derivatives of the triangle functions in the TW

array with respect to wire length.

TW - Array containing the values of the triangle functions on the wires.

TWGHT - Array of weights to be used for t-dlrected impedance loads on

either the BOT or caps.
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TZ - Array containing the values of TZ. The storage method is the name

as for T.

U - Imaginary number i.

UXJUYJ,JZJ - Input arrays containing the x, y, and z components,

respectively, of the normal vector to each junction disk.

UXJI,UYJI,UZJI - A.rays containing the x, y, and z components, respectively,

of one of the orthonormal vectors on each junction disk.

UXJ2,UYJ2,UZJ2 - Arrays containing the x, y, and z components, respectively,

of or.e of the orthonormal vectors on each junction disk.

VB - Array of BOT voltages corresponding to mode N. VB(K) contains t-

directed voltages Vt on triangle function K. VB(K + NM) contains
nl

z-directed voltages Vzni on triangle function K [Equation (37)].

VW - Array of wire voltages.

XB - Input array of x coordinates for BOT (page 9).

XBI(M) - x coordinate for generating curve segment I (meters).

XC - x coordinate of cap center (meters).

XJ(I) - x coordinate of the I-th junction point (meters).

XTEST - Input variable for near-field test point x' in r' (page 16).

XW - Array of x coordinates for the wires (meters).

XWI(M) - x coordinate of wire segment I (meters).

Y - Array containing the Ym,n submatrix (Equation (41)]. In the

near-field analysis, however, Y contains the measurement matrix ZM.

Ym,n is stored by cclumns.

YB - Input array of y coordinates !or BOT (page 9).

Y81(I) - y coordinate for generating curve segment I (meters).

YC - y coordinate of the Lap uenter (meters).

YJ(.) - y coordinate of the I-th junction point (meters).

YTECT - Input variable for nLar-field test point y' in r' (page 16).

YW - Array of y coordinates for the wires (meters).

YWI(I) - y coordinate of wire segment I (meters).

Z - Array containing the impeaance matrix stored by columns.

ZBt - Array of z coordinates for the edge term on the BOT surface

(meters).

ZC(I) - z coordinate of cap I (meters).

ZE(T) - z coordinate where the edge term for cap I terminates on the

BOT surface (moters).
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ZEXC - Input array indicates z-excitation on slot antenna (page 14).

ZJ(1) - z coordinate of the l-th junction poiat (meters).

ZM - Array containing the electric and magnetic modal current coeffi-

cients for near-field calculation [Equations (47), (52)]. ZX uses

the same sLorage location as the Y matrix, which is of o'4er LS,

stored by columns. Rows 1 through 3 of ZM cuntain the M-th modal

current coefficients for the electric near-field cooponento in the

x, y, and z, respectively, at the point (XTEST, YTEST, ZTEST).

Similarly, rows 4 through 6 of ZM contair thae M-th modal current

coefficients for the magnetic near-field components in the x, y,

and z directions, respectively.

ZTEST - Input varibble for near-field test point z' in r' (page 16).

ZW - Array of z ioordinates for the wires (meters).

ZWI(I) - z coordinate of vire ý,egment I (meters).

ZWGHT - Array of weights to be used for z-directed impedance losds on the

BOT.

Zv'i) - Starting z coordinate for slot antenna I (meters).

zi(i) - Ending z coordinate for slot antenna I (meters).

p
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